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Steven J. Seni
ABSTRACT
The Triassic Dockum Group is a complex assemblage of
lacustrine, deltaic, and fluvial facies. Excellent expo-
sures of these rocks were studied in and around Palo Duro
State Park where the Prairie Dog Town Fork of the Red River
and its tributaries have carved a network of steep-walled
canyons. Three-dimensional exposures of the Dockum have
permitted study of lateral as well as vertical facies re-
lationships .
Three progradational genetic sequences were delin-
eated within the study area. A genetic sequence consists
in ascending order of: lacustrine mudstone, deltaic silt-
stone-sandstone-conglomerate, and fluvial sandstone-con-
glomerate .
The following three lines of evidence indicate that
complex base-level changes, caused by fluctuations in lake
area and depth, occurred during deposition of the Dockum
Group. Within the first genetic sequence burrowed lacus-
trine mudstones are interbedded with caliche horizons.
These caliche horizons contain discrete burrowed and piso-
v
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litic carbonate nodules that are composed of microspar cal-
cite, sparry calcite, and minor dolomite. Silicified evap-
orite nodules occur at the base of this unit. The second
genetic sequence comprises a progradational lacustrine delta
system which was truncated by a valley-fill system which
formed in response to diminished lake depth and area. The
valley-fill system comprises a transgressive fluvial-del-
taic-lacustrine sequence encased within an overall progra-
dational sequence. The third genetic sequence is composed
of classic "Gilbert-type" lacustrine deltas with prominent
foreset beds indicating deposition in 8 to 15 m of water.
Ephemeral lakes characterized the first and second
progradational sequences. Lacustrine fan deltas formed in
water 1 to 10 m deep. The third progradational sequence
was deposited in more continuously deep-water (10-20 m)
lakes. A vertical sequence through Dockum Group rocks re-
veals a change from alternating humid and arid conditions
of the first and second progradational sequences toward
continuously humid conditions which prevailed during dep-
osition of the third progradational sequence.
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INTRODUCTION
The Triassic Dockum Group is a complex assemblage
of predominantly terrigenous clastic and minor chemical
rocks, which accumulated in a shallow, continental interior
basin. In the past the depositional environments have been
broadly defined as continental (Cummings, 1889, 1891a,b;
Drake, 1891; Gould, 1906, 1907; Adams, 1929; Green, 1954;
Kiatta, 1960; Cazeau, 1960, 1962; Cramer, 1973; and
Asquith and Cramer, 1975). Recently, lacustrine, deltaic,
and fluival depositional systems have been recognized and
described (McGowren, Granata, and Seni, 1975, 1977, 1978, in
press; Boone, 1978a, 1978b, in preparation).
The main purpose of this study was to determine the
genetic stratigraphy of the Triassic Dockum Group exposed
within the Palo Duro Canyon area. Depositional systems and
component depositional facies were identified. The mineral-
ogy, texture, sedimentary structures, and spatial relation-
ships of all Dockum sedimentary rock types were studied.
Holocene and ancient depositional models were then used to
interpret depositional systems and genetic sequences, and
to explain the distribution of facies.
This study focused on a small area of Dockum out-
crop, mainly within Palo Duro State Park, and is a part of
a much larger regional study of the Dockum Group by the
1
2Bureau of Economic Geology. The regional study is aimed
toward understanding geologic factors that control occur-
rence and distribution of uranium in the Dockum. Genetic
stratigraphy as expressed in sandstone body geometry and
depositional systems, aids in understanding several factors
which may control uranium distribution in the Dockum. Ge-
netic stratigraphy is the main emphasis of this study.
Study Area and Methods
The eastern margin of the High Plains (Llano Esta-
cado) Physiographic Province in the Texas Panhandle is
coincident with the outcrop of the resistant Tertiary
Ogallala Formation. The North-central Texas Rolling Plains,
east of the Llano Estacado, is underlain by Triassic and
Permian formations. The Triassic Dockum Group crops out
along a narrow, north-south oriented belt below the High
Plains "Caprock" escarpment. The Dockum outcrop belt marks
the eastern margin of the preserved Dockum basin which
extends beneath the High Plains to the west. Rocks of
Quaternary, Tertiary, Triassic, and Permian age are exposed
within valleys which have been cut into the High Plains
escarpment. The study area is located within Palo Duro
Canyon, one such valley in Randall and Armstrong Counties
(Figure 1).
Most of the study area is within Palo Duro State
Figure 1. Map of the study area.
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4Park where elevations range from 2700 ft (820 m) to
3400 ft
(1070 m)
. Steep-walled canyons of the Prairie Dog Town
Fork, and its tributaries provide three-dimensional expo-
sures of the Dockum over an area of approximately 100 square
miles (220 square km).
This work is primarily a field study and is based
on data derived from (1) thirty-three measured sections
and (2) forty-seven photo mosaics, both of which were used
to study the vertical and lateral facies relationships.
The location of measured sections and photo mosaics is shown
on Figure 2. Approximately 350 samples were collected for
petrographic work, clay mineral determination, and uranium
analyses. Thin sections, slabbed samples, and oriented
clay mineral slides were used to study mineralogy, texture,
and fabric. Uranium content was determined by fluorometric
method at the Bureau of Economic Geology Mineral Studies
Laboratory. Uranium analyses for 55 samples are reported
in Appendix 1. Petrographic work is summarized in Appen-
dix 2.
General Stratigraphy
Quaternary, Tertiary, Triassic, and Permian forma-
tions are exposed in the Palo Duro Canyon area. A summary
of the characteristics of the exposed formations is shown
in Figure 3. These units were mapped and described re-
5Figure 2. Map of the study area showing the location of
measured sections and photo mosaics.
Figure 3. Stratigraphy of the study area summarized from Barnes and
Sifler (1968) Plainvisw sheet.
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7gionally by Barnes and Eifler (1968) at a scale of
1:250,000. Hood (1978) mapped and described formations
within the Fortress Cliff 7.5 minute Quadrangle (U.S. Geo-
logical Survey, 1956).
In the Palo Duro Canyon area, the Dockum is overlain
unconformably by the Pliocene Ogallala Formation which forms
the caprock escarpment. In Texas the Dockum overlies Perm-
ian formations (Sellards, Adkins, and Plummer, 1932), how-
ever the nature of the systematic contact is disputed.
Gould (1906, 1907), Baker (1915), and Adams (1929) empha-
sized the presence of a sharp contact, discordance in dip,
and absence of Lower and Middle Triassic fossils as evidence
for an unconformity. In contrast, Case (1922) stressed the
gradational nature of the contact. Boone (1978a, 1978b, in
preparation) also reported a gradational contact between
the Dockum and the Quartermaster Formation at Tule Canyon
in Briscoe County. In a regional study, McGowen, Granata,
and Seni (1975) observed both gradational and sharp con-
tacts. They concluded that in updip areas of the Dockum
basin, the underlying rocks were eroded, and a sharp con-
tact was formed. Toward the basin center, sedimentation was
continuous between the Quartermaster and the Dockum. In
the northern part of the Dockum basin (Palo Duro Canyon-
Canadian River Valley areas) Permian and Triassic rocks
are separated by an unconformity (Drake, 1891; Gould,
81906, 1907).
The Dockum Group in the Palo Duro Canyon area was
divided by Gould (1906, 1907) into a basal shaly Tecovas
Formation and an upper sandy Trujillo Formation. Some
workers (Kiatta, 1960) add the Chinle Formation as the up-
permost shaly unit. Drake (1S91) originally described
three similar units in the Palo Duro Canyon area, but he
did not formally name them. The formal stratigraphic units
have local distribution and were not used in this study.
Within the Dockum, genetic sequences that are de-
fined in terms of depositional systems and genetically
linked facies cut across the boundaries of formal strati-
graphic units. Because of this conflict, formal nomencla-
ture was deleted in favor of delineation of depositional
systems and genetic sequences.
Previous Investigations
Previous investigations of the Dockum Group fall
into four main categories: (1) stratigraphic, (2) paleon-
tologic, (3) sedimentologic, and (4) basin analysis-genet-
ic stratigraphic. Studies of the Dockum have evolved from
lithostratigraphic and paleontologic studies during the
early twentieth century to present day basin analysis and
genetic stratigraphic studies.
The first workers to study the Dockum were physical
9stratigraphers (Cummings, 1889, 1891a, b; Drake, 1891;
Gould, 1906, 1907). Cummings (1889) identified Triassic
rocks in west Texas as continental and assigned these to
the Upper Triassic Dockum Beds. Drake (1891) subdivided
these rocks into three units. Gould (1906, 1907) divided
the Dockum into a lower shaly Tecovas Formation and an up-
per sandy Trujillo Formation. Adams (1929) used a basin
analysis approach in the first regional study of the Dockum.
He identified two formations south of the thirty-third
parallel—a lower sandy Santa Rosa Formation and an upper
shaly Chinle Formation.
Paleontologists accompanied the original stratig-
raphers. Cope (1893), Simpson (1895), and Case (1922, 1932,
1933) studied vertebrate and invertebrate remains and
assigned a late Triassic age to the Dockum. Case (1922,
p. 8) was an early proponent of a transitional boundary
between the Triassic and Permian rocks in the area.
"On the borders of the Staked Plains as
in other regions of the United States
where the Triassic is exposed, there
seems no possibility of determining the
boundary between the Permo-Carboniferous
beds and Triassic. The Red Beds are
apparently continuous across the
interval..."
Whereas interest in stratigraphic correlation has
waned, important contirbutions continue in the field of
paleontology (Daugherty, 1941; Schaeffer and Gregory,
1961; Gregory, 1962; Schaeffer, 1967; Ash, 1976; and
10
Elder, 1978, in preparation).
The fossil remains recovered from the Dockum Group
by early workers consisted primarily of water worn and
abraided fragments (Green, 1954). Simpson (1895) described
six species of Unio all of which were abraided. Vertebrate
remains have received the most attention from paleontolo-
gists (Cope, 1893; Case, 1922, 1932, 1933). The most
abundant vertebrates are the amphibian Buettneria and the
reptile suborder Phytosauria (Green, 1954). Recently, fish
remains (Schaeffer and Gregory, 1961; Gregory, 1962;
Schaeffer, 1967) and plant remains (Daugherty, 1941; Ash,
1976) have been described. According to Elder (1978, in
preparation) although the terrestrial component of the
fauna is important, most of the vertebrates were adapted
for aquatic living.
Starting in the 1950’s sedimentologic problems were
addressed in a number of theses and short articles. Paleo-
current analyses by Green (1954), Cazeau (1960, 1962),
Kiatta (1960), Cramer (1973), and Asquith and Cramer (1975)
indicate southeastern or eastern sources for braided stream
deposits in west Texas. Green (1954) identified some lac-
ustrine mudstones. Petrographic and heavy mineral analyses
by Kiatta (1960) and Cazeau (1962) indicate that Dockum
source rocks were multicycle sedimentary rocks. Boone
(1978a, 1978b, in preparation) studied the complete sec-
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tion of Dockum exposed in Tule Canyon, Briscoe County, Texas.
He concluded that the vertical trend resulted from an over-
all transgressive, expanding lacustrine system.
McKee and others, (1959), utilized subsurface data
in a basin analysis of the Triassic System in Texas, New
Mexico, Oklahoma, Kansas, and Colorado. McGowen, Granata,
and Seni (1975, 1977, 1978, in press) analyzed the regional
genetic stratigraphy of the lower half of the Dockum. This
study integrated a subsurface basin analysis approach with
a regional depositional systems outcrop study. They con-
cluded that; (1) the Dockum basin was filled by sediment
supplied at various points around the basin margin, (2) cli-
matic cycles altered base level by expansion and contrac-
tion of lacustrine systems, (3) deltaic and fluvial depos-
its filled shallow lakes, and (4) the west Texas outcrop
belt is predominantly composed of deposits of fluvial dep-
ositional systems.
Other studies do not fit into the categories men-
tioned above. Baker (1915) initiated study of the region’s
ground water and included a study of the Dockum. Fink
(1963) studied the ground water in the Triassic aquifers of
the northern Southern High Plains. Hood (1978) mapped the
surface geology of the Fortress Cliff Quadrangle in Randall
County.
This brief summary of some previous works shows that
12
the continental nature of the Dcckum is unquestioned. Spe
cific lacustrine, deltaic, and fluvial systems have been
described only recently. Only the latest Dockum studies
by McGowen, Granata, and Seni (1975, 1977, 1978, in press)
and Boone (1978b, in preparation) have applied the modern
concepts of depositional environments and genetic interpre
tations which are used in this investigation.
Economic Potential
The Dockum is currently a minor source of ground
water for the Texas High Plains (Alexander, 1961; Fink,
1963; Cronin, 1964). Scattered uranium occurrences have
been documented within the Dockum by various authors
(Eargle, 1956; Finch, 1956, 1975; Kayes, 1956; Flawn,
1967; Southern Interstate Nuclear Board, 1969; Finch and
Wright, 1975; McGowen, Granata, and Seni, 1975; Finch,
Wright, and Davis, 1976; Nichols and others, 1976; Dick-
enson, Drake, and Reese, 1977; and Nichols, Kane, and
Gale, 1977). Recently, both government and private uran-
ium exploration efforts have intensified. The Bureau of
Economic Geology is conducting a basinwide study of the
uranium potential of the Dockum under the supervision of
Dr. J. H. McGowen.
DEPOSITIONAL SYSTEMS
In the Palo Duro Canyon area, the Dockum Group is
composed of: (1) lacustrine systems, (2) delta systems,
and (3) fluvial systems. In the study area most of these
systems produce progradational genetic sequences; only
one transgressive valley-fill sequence was identified.
There are three superposed genetic sequences. Each genetic
sequence characteristically begins with lacustrine mudstone
and ends with fluvial-deltaic sandstone-conglomerate. This
reflects a minimum of three complete cycles beginning with
lacustrine deposition and ending with fluvial-deltaic
progradation.
Lacustrine system rocks are composed of two lith-
ologies: (1) varicolored burrowed mudstones, and (2) cal-
careous zones. The burrowed lacustrine mudstones are the
dominant lithology comprising 90-99 percent of the lacus-
trine section. Lacustrine mudstones represent deposition
in lake center and lake margin environments unaffected by
fluvial-deltaic deposition.
Calcareous zones comprise nodules composed of micro
spar calcite, sparry calcite, and minor dolomite which
occur as caliche horizons that separate mudstone units.
Caliche horizons formed in intermittently dry mudflats
or possibly in a shallow subsurface diagenetic environment.
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No vertical textural trends were identified. Characteris-
tics of the lacustrine deposits are illustrated in Figure 4
Delta system rocks are genetically related, tex-
turally diverse depositional units that are grouped into
2 models (Figures 5 and 6).
Shallow-water lacustrine deltas overlie lacustrine
mudstones and are capped by fluvial sandstone-conglomerate
sheets deposited on delta platforms. Shallow-water lacus-
trine deltas are characterized by thin sequences of rocks
deposited in delta front, distributary channel, and chan-
nel mouth bar environments. Abundant slump structures
also characterize this sequence. These deltas prograded
into water 1 to 10 m deeo.
Jm
Deep-water lacustrine deltas are characterized by
thick sequences of inclined delta front foresets. These
inclined, wedge-shaped units are 8-15 m thick indicating
that deposition occurred in a lake basin at least 8-15 m
deep.
Fluvial system rocks are sandstone-conglomerate
bodies that occur in two distinct geometries: (1) sheets,
and (2) linear belts. Progradational deltaic sequences
are capped by fluvial sandstone-conglomerate sheets that
represent fluvial depositicn on coarse-grained braided-
stream delta platforms. The characteristics of fluvial
system rocks associated with lacustrine deltas are illus-
14
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Figure 4. Lacustrine system deposits are characterized by
fine-grained mudstones bearing Scoyenia and
Teichichnus, and caliche horizons.
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Figure 5. Shallow-water lacustrine deltas are characterized
by coarse-grained delta platform sandstone-con-
glomerate sheets that overlie progradational
coarsening-upward lacustrine and thin delta
front sequences.
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Figure 6. Deep-water lacustrine deltas are characterized
by thin, coarse-grained delta platform sand-
stone-conglomerate sheets that overlie thick,
progradational foreset inclined delta front
deposits.
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trated in Figure 5 and 6. One occurrence of fluvial sand-
stone-conglomerate comprises a linear belt of valley-fill.
This sequence is characterized by thick channel-fill lenses,
some of which are composed of chert pebble conglomerate.
The characteristics of the valley-fill sequence are illus-
trated in Figure 7.
The variation in percentage sandstone for the total
Triassic section is shown in Figure 8. High percentage
sandstone contours are elongate east-west in the southern
part of the study area. High sandstone percentage contours
also occur in the northern part of the study area. Percent
sandstone decreases toward the west.
Eight lithofacies representing different deposi-
tional environments have been identified. These litho-
facies are defined on the basis of: texture, mineralogy,
sedimentary structures, and vertical and lateral relation-
ships of component depositional units. The following litho-
facies, named for their dominant characteristics, are
recognized:
Lacustrine System Lithofacies
1. Burrowed mudstones
2. Calcareous zones
Delta System Lithofacies
3. Parallel bedded, horizontal, sheet siltstone-
sandstone-conglomerate
19
Figure 7. Valley-fill system comprises a transgressive
fluvial-deltaic-lacustrine system that is com'
posed of a basal fluvial chert pebble conglom
erate, overlain by delta distributary, and
delta front deposits that are capped by lacus
trine mudstones.
20
Figure 8. Map of the study area showing the variation in
percentage sandstone.
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4. Parallel bedded, inclined, lobate siltstone-
sandstone-conglomerate
5. Mudclast siltstone-sandstone
6. Symmetrical channel-fill sandstone
Fluvial System Lithofacies
7. Sheet sandstone-conglomerate
8. Stacked channel-fill sandstone-conglomerate
Figure 9 summarizes the main characteristics and deposition
al interpretations for each lithofacies.
Depositional systems consists of associations of
these lithofacies and will be described in a following sec-
tion. Each lithofacies is described with the format out-
lined below:
LITHOFACIES DESCRIPTION
Depositional System
Depositional environment
Location
Geometry
Thickness
Occurrence
Color
Description
Lateral Relationships and Trends
Sedimentary Structures
Type of structures
Vertical and lateral trends of structures
Figure
9.
Summary
of
the
main
characteristics
of
Triassic
Dockum
Group
lithofaciea.
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Grain Size
Grain size trends
Mineralogy
Petrographic Name (when applicable)
Lacustrine System Lithofacies
Lithofacies 1 (burrowed mudstones) and Lithofacies 2
(calcareous zones) were deposited in a lacustrine system.
Although Lithofacies 3, 4, 5, and 6 also were deposited in
a lacustrine system they are dominated by fluvial or del-
taic depositional processes. Characteristics of the lacus-
trine deposits are illustrated in Figure 4.
Lithofacies 1 (burrowed mudstones)
Burrowed mudstones were deposited in lake center and
lake margin environments by sedimentation from suspension.
The fine grain size of the rocks indicates low-energy con-
ditions at the site of deposition. Übiquitous and thorough
burrowing destroyed stratification which would indicate more
specific depositional processes (Figures 10 and 11).
Although not described previously in the study area,
Scoyenia burrows (Hantzchel, 1962) have modified all dark
yellowish orange, reddish brown, reddish purple, and pur-
ple mudstones present in the lower 30 m to the Dockum.
These burrows are mud-filled cylinders 2 to 15 mm in diam-
eter, and less than 50 mm long. Cross-sections through
24
LACUSTRINE LITHOFACIES DESCRIPTION
Lithofacies 1. Burrowed mudstone
Depositions! System: Lacustrine; lake center, lake margin
environment.
Location: Present everywhere in the study are in the low-
est 70 m; less common in the upper 70 m.
Geometry: Horizontal, massive, blanket to broadly lens
shaped; fills lows and depressions; thins toward
the west and north.
Thickness: Total thickness 20 to 50 m; genetic packages
less than 1 to 7 m thick.
Occurrence: Burrowed mudstones are reddish brown, reddish
purple, purple, and dark yellowish orange; from
4 to 7 genetic mudstone packages occur in the study
area; most mudstone packages are capped by calcar-
eous zones.
Lateral Relationships and Trends: Burrowed mudstones are
interbedded with Lithofacies 2 and are separated by
sharp upper and lower contacts; burrowed mudstones
are overlain by Lithofacies 3 and 4, and separated
by a gradational contact; Lithofacies 7 commonly
underlies burrowed mudstones and is separated by
sharp contacts; Lithofacies 3 rarely underlies
burrowed mudstones; Lithofacies 3,4, and 6 are
laterally equivalent.
Sedimentary Structures: Primary sedimentary structures are
not preserved due to burrowing; Scoyenia burrows
are abundant, diameter 2-15 mm, length less than
50 ram; mottled and structureless fabric is common;
dessication fractures 1 to 100 ram wide commonly
filled with brecciated mudstone and calcite.
Grain Size and Grain Size Trends: Silty to fine sandy
mudstone.
Mineralogy: Clay minerals are smectite and illite; silt
and sand sized quartz is common; gypsum occurs
as 2 to 20 mm wide horizontal and inclined seams;
hematite and ferrugenous nodules are common; opal-
filled fractures .1 to 3mm and opal spherules
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.1 to 2 mm occur within mudstones associated with
calcareous zones.
Petrographic Name: Slightly fine sandy burrowed illite-
smectite mudstone.
Lithofacies 2. Calcareous zone
Depositional System: Lacustrine; intermittently dry mud-
flat or shallow subsurface diagenetic environment.
Location: Present everywhere in the study area in the low-
est 70 m; absent in the upper 70 m.
Geometry: Horizontal thin blankets; random isolated nod-
ules; small scale vertical to high angle fractures
Thickness: Total thickness .5 to 3m; individual zones
.1 to 1 m.
Occurrence: Calcareous zones are reddish brown, reddish
purple, purple, pink, and dark yellowish orange;
the color is related to the color of the underlying
mudstone; from 2 to 5 horizons are composed of
individual carbonate nodules; nodules also occur
randomly isolated within mudstones, or as vertical
or high angle fracture fills; calcareous zones
apparently replace Lithofacies 1 mudstone; the
lowest burrowed mudstone lithofacies of genetic
sequence 1 has from
2 to 5 calcareous horizons;
burrowed mudstones of genetic sequence 2 contain
randomly isolated carbonate nodules; high angle
fracture-fills are common in genetic sequence 1
and 2.
Lateral Relationships and Trends: Overlain and underlain
by Lithofacies 1; sharp contact between carbonate
nodules and mudstone.
Sedimentary Structures: Three types of replacement struc-
tures occur:
1. Scoyenia burrows on outer nodule edge;
2. pisolitic nodules expand, and replace mudstones;
3. high angle fractures are structureless.
Grain Size and Grain Size Trends: Most nodules are entire-
ly calcite microspar, crystals are from 5 to 15/t ;
central areas of nodules may have inward pointing
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coarsely crystalline calcite spar, crystals are
from 15 /a. to 10 mm.
Mineralogy: Microspar is abundant; sparry calcite dolomite,
and opal are common; quartz-replaced and chert-
replaced (?) evaporites are rare; central parts of
carbonate and quartz nodules may be filled with
barite, calcite spar, manganite, and dolomite.
Petrographic Name: Not appropriate for replacement textures.
burrow fills reveal arcuate back-fill structure or spreite
(Figure 12); this trace fossil is known as Teichichnus.
The outer wall of whole (loose) burrows has a ropy surface
texture possibly produced by the packing of elongate pel-
lets into the burrow wall. Hantzchel (1962) states that
Scoyenia is characteristic of red bed sequences and that
polycheate worms may have produced the trace.
The presence of these burrows indicates that bot-
tom waters were oxygenated and that the lake system was
not a highly stratified system as postulated for the
lacustrine environment in which the Eocene Green River
Formation accumulated (Bradley, 1964; Eugster and Bradley,
1969; Picard and High, 1968).
Lithofacies 2 (Calcareous Zones)
Calcareous zones are interbedded repeatedly with
burrowed lacustrine mudstones. These horizontal zones are
composed of discrete carbonate nodules. High angle and
vertical carbonate fractures in mudstone also are common.
Figure 10. Dark yellowish orange burrowed mudstone.
Figure 11. Lacustrine mudstone with Scoyenia and small
caliche nodule exposed at TM-6 below a current-
ly active spring.
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Figure 12. Arcuate back-fill burrow structures (Teichich
nus) in dark yellowish orange mudstone^
Figure 13. Very well rounded caliche carbonate rock frag
ments are stained red with alizarine red S.
Darker grains in center are mudstone grains.
Scale is 0.5 ram.
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Calcareous zones are interpreted as paleocaliches. Sur-
face fabrics and microtextures indicate that calcareous
zones replaced borrowed mudstones. Characteristics of cal-
iche and caliche nodules have been described by Brown
(1956), Dunham (1969), and especially Nagtegaal (1969).
Nagtegaal (1969) compared recent caliche to paleocaliches
in Quaternary, Triassic, and Permian rocks exposed in east-
ern Spain. According to Nagtegaal (1969), Triassic and
Permian mudstones contained isolated caliche nodules and
incompletely developed caliche profiles. The caliche is
predominantly fine-grained calcite (5-30>O. Corroded
silicate grains float in calcite. Also, late stage dolo-
mitization and alternation of calcite and ferric oxides
were described. The microtextures and mineralogy of paleo-
caliches described by Nagtegaal are very similar to paleo-
caliches in the study area.
Two lines of evidence indicate that calichification
of Dockum mudstones may be continuing today: (1) nodules
vary from hollow to sparry calcite filled, and (2) the
association of small nodules with currently-active springs
below Dockum sandstone bodies. Evidence that the calichi-
fication processes also occurred extensively during Dockum
deposition is conclusive. Petrographic analysis indicates
that carbonate rock fragments are the most abundant rock
fragment in Dockum Group sandstones and conglomerates in
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the study area (Figure 13). Thirty percent of Dockum rocks
are litharenites (classification by Folk, Andrews, and
Lewis, 1970); 80 percent of these are calclithites. Many
carbonate rock fragments are miniature replicas of larger
carbonate septarian concretions with internal fill of spar-
ry calcite surrounded by microspar (Figure 14).
Isolated ferruginous and black psilomelane nodules,
analogous to calcareous nodules, are also present in Dockum
mudstones.
Similar nodules were observed by Bernard and others
(1970) in Texas coastal zone soil zones. One Dockum sedi-
mentation unit comprises reworked ferruginous and black
psilomelane nodules (Figure 15), indicating that nodules
also were present during Dockum deposition.
The outer surface of an estimated 60 percent of
the carbonate nodules have a borrowed fabric exactly simi-
lar to the Scoyenia and Teichichnus burrowed mudstones
(Figure 16). Slabs and thin sections of calcareous nodules
reveal that whereas the outer surface perfectly mimics
the mudstone fabric, microtextures of the nodules interior
indicate a replacement origin (Figure 17). The nodules
outer surface is consistently composed of microspar cal-
cite, which is an indicator of fresh water diagenesis
(Folk, 1974a). Interiors of nodules are brecciated micro-
spar fragments in a sparry calcite matrix.
Figure 14. Thin section of carbonate rock fragment with
sparry calcite filled fractures which become
thinner toward the exterior of the grain.
Crossed nichcls.
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Figure 15. Sedimentation unit composed of black ferrug-
inous and psilomelane nodules.
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Figure 16. Caliche nodule with outer surface composed of
Scoyenia and Teichichnus surrounded by burrow
ed lacustrine mudstone.
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Figure 17. Interior and exterior of caliche nodule with
Scoyenia and Teichichnus. Septarian fractures
of nodule interior are filled with sparry
calcite.
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An estimated 40 percent of the calcareous nodules
have pisolitic surface texture (Figure 18). A thin section
of the outer edge of a pisolitic nodule shows that clayey
microspar contains floating quartz silt displaced by nodule
growth (Figure 19). A thin section of the interior of the
nodules reveals pure microspar and fracture-fills of sparry
calcite and dolomite. Dolomite is common in pisolitic nod-
ules where it fills fractures and alternates with sparry
calcite. The alternation of dolomite and sparry calcite
with microspar indicates that precipitation took place with
in waters characterized by fluctuating Mg/Ca ratios or
salinity (Folk, 1974a, and Folk and Land, 1975).
Less common nodule types are rusty maroon-colored,
burrowed, hematitic mudstone that is brecciated with opal
fracture-fills and opal spherules (Figure 20). At one loca-
tion (Figure 2, CPC-12), within 3 m of the Dockum Group-
Quartermaster Formation contact, quartz-replaced and chert-
replaced (?) evaporite nodules were observed. Quartz nod-
/
ules have a cauliflower-like outer surface and internally
consists of quartzine grading into megaquartz (Figure 21).
Folk and Pittman (1971) recognized quartzine as a common
quartz type in evaporite replacement. Anhydrite inclusions
and lath-shaped holes occur within the quartzine. The
nodules are also characterized by a range of silicification
textures (spherules, euhedral quartz, pseudocubic quartz,
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Figure 18. Pisolitic caliche nodule. Slab on right is
stained with alizarine red S.
Figure 19. Exterior margin of pisolitic nodules with dark
area that contains abundant ferric oxide, clay
minerals, and quartz silt in microspar matrix.
Toward interior (left) is dolomite and sparry
calcite filled fracture.
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Figure 20. Slab of dark maroon hematitic mudstone brecciat
ed with opal filled fractures.
Figure 21. Quartz nodule with pseudocubic terminations
coated with gray chalcedony. Black specks on
chalcedony are manganite. Scale marks are
1 mm.
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strained undulose quartz, and a crust of length fast fib-
rous quartz) which are found in silicified evaporites from
numerous localities (Milliken, 1977). Chert nodules pres-
ent in the same area, have a fractured outer surface, alter-
nating bands of length fast and slow chalcedony, and silt-
and sand-sized quartz. These chert nodules may be magadiite
replacements (McGowen, 1976, personal communication).
Summary
Varicolored burrowed mudstones within the lower 30 m
of the Dockum at Palo Curo Canyon accumulated in lake cen-
ter and lake margin environments. The widespread distribu-
tion of Scoyenia and Teichichnus indicates that lake bottom
waters were oxygenated. Calcareous zones, which may be
paleocaliches, are interbedded with burrowed lacustrine
mudstones, This interbedding indicates an alternation of
arid and humid climatic conditions. Ephemeral Lake Eyre
may represent a modern analogue of this environment (Bony-
thon and Mason, 1953).
The presence of a complex suite of diagenetic cal-
careous, siliceous, and ferruginous nodules, and the alter-
nation of carbonate minerals indicate that the nodules
formed from water with fluctuating chemistry. The paleo-
caliches may have formed in a variety of lake environments
during arid cycles, probably in exposed mudflats and in the
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shallow subsurface by precipitation in the vadose zone (the
unsaturated zone above the water table). Alternately, some
calcareous zones may represent diagenesis of a calcareous
lake bottom ooze during times of lake area reduction.
Delta System Lithofacies
Lithofacies 3 (parallel bedded, horizontal, sheet
siltstone-sandstone-conglomerate), Lithofacies 4 (parallel
bedded, inclined, lobate siltstone-sandstone-conglomerate),
Lithofacies 5 (mudclast siltstone-sandstone), and Lithofacies
6 (symmetrical channel-fill sandstone) were deposited with-
in lacustrine delta systems. Each lithofacies was deposited
in a specific deltaic environment. Characteristics of the
deltaic deposits are illustrated in Figure 5 and 6.
DELTAIC LITHOFACIES DESCRIPTION
Lithofacies 3. Parallel-bedded, horizontal, sheet silt-
stone-sandstone-conglomerate .
Depositional System: Deltaic; delta front environment.
Location: Present everywhere in the study area in the
lower 80 m.
Geometry: Horizontal, thin sheets composed of many thin
sedimentation units.
Thickness: Total thickness 5 to 15 m; individual genetic
units 1 to 7 m.
Occurrence: Lithofacies 3 is reddish brown or light gray-
ish green; Lithofacies 3 occurs in 2 or 3 packages
1 to 7 m thick; individual sedimentation units are
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parallel beds 2 cm to 2 m thick; in most sequences
the bedding thickens upward, however a few sequences
exhibit an upward thinning of sedimentation units.
Lateral Relationships and Trends; Lithofacies 3 consistent-
ly occurs below Lithofacies 7, and is separated by
a sharp contact; to the west and south Lithofacies
3 is laterally equivalent to Lithofacies 7; Litho-
facies 1 underlies Lithofacies 3 and is separated
by gradational contacts.
Sedimentary Structures: Sedimentary structures are diverse;
primary sedimentary structures, in decreasing abun-
dance, are horizontal laminae, ripple-cross laminae,
and ripple*-drift laminae; small scale trough-fill
cross-stratification occurs in coarser units; soft-
sediment deformation, faults, and roll structures
are common; major slump features are present.
Grain Size and Grain Size Trends: Grain size is variable;
individual sedimentation units are clayey siltstone,
silty very fine to fine sandstone, conglomeratic
sandstone, and pebble to cobble conglomerate; silt-
stone and very fine to fine sandstone are most
abundant; coarsening upward sequences occur within
individual sedimentation units and within sequences
of sedimentation units.
Mineralogy: Conglomeratic units are composed of intrabasin-
al mudclasts and caliche clasts, clasts are very
well rounded and commonly well sorted; silts and
very fine to fine sands are quartzarenites and sub-
sedarenites.
Petrographic Name: Granule conglomerate: calcitic immature
mudclast-bearing caliche calclithite. Very fine
sandstone: calcitic mature very well sorted cali-
che clast-bearing subsedarenite to quartzarenite.
Lithofacies 4. Parallel-bedded, inclined, lobate siltstone-
sandstone-conglomerate.
Depositional System: Deltaic; delta front environment,
delta foresets.
Location: Present everywhere in the upper 50 to 70 m; best
exposures in the western part of the study area.
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Geometry: Tabular, lobate bodies are composed of many thin
inclined wedge-shaped sedimentation units.
Thickness: Total thickness 15 to 35 m; 3 genetic units are
5 to 15 m thick; some units thicken toward the west
Occurrence: Lithofacies 4 is reddish brown, reddish purple,
or light grayish green. Lithofacies 4 occurs in 3
genetic units in the upper 50 to 70 m in the west-
ern part of the study area; parallel inclined sedi-
mentation units are .05 to 2m thick; inclination
angles vary from 2 to 15 degrees and decrease along
a sedimentation unit from the top to the toe of the
unit; thickness of individual units decreases to-
wards the toe.
Lateral Relationship and Trends: Lithofacies 4 occurs be-
low and west of Lithofacies 7, and is separated by
sharp to gradational contacts; Lithofacies 4 over-
lies finer grained and near horizontal bedded units
of Lithofacies 3or rarely Lithofacies 1; the con-
tacts are gradational.
Sedimentary Structures: Structures are similar to those in
Lithofacies 3; ripple-cross laminae and ripple-
drift are more abundant, parallel laminae less com-
mon; trough-fill cross-stratification is common
in coarser units, and scale of structures decrease
along a sedimentation unit toward the toe; small
scale soft-sediment deformation is common.
Grain Size and Grain Size Trends: Grain size variations are
similar to Lithofacies 3; siltstone is most abun-
dant, increasing toward the west; thin very fine
sandstone units 0.005 to 0.5 m are interbedded with
ripple-cross laminated and ripple-drift siltstone;
grain size along a sedimentation unit generally in-
creases from toe to top of unit, grain size along
a unit rarely decreases toward top of unit.
Mineralogy: Mineralogy is similar to Lithofacies 3; con-
glomerate units well rounded, poorly to well sorted
mudclast and caliche sedarenites; silts and very
fine to fine sandstones are quartzarenites and sub-
sedarenites.
Petrographic Name: Granule conglomerate: calcitic imma-
ture mudclast-bearing caliche calclithite. Very
fine sandstone: calcitic mature very well sorted
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caliche clast-bearing subsedarenite to quartzare-
nite.
Lithofacies 5. Mudclast siltstone-sandstone.
Depositional System: Deltaic; interdelta mudflat or
embayment.
Location: A single exposure at EPD-4.
Geometry: Linear belt elongate in direction of sediment
transport.
Thickness: Less than 1 to 10 m.
Occurrence: The color of Lithofacies 5 is dark reddish
brown; lithofacies occurs in the eastern part of
the study area at one location; sedimentation units
are 0.05 to 0.4 m thick, they are horizontal and
parallel bedded; the entire sequence coarsens up-
ward but individual sedimentation units fine upward.
Lateral Relationships and Trends: Lithofacies 5 occurs
between and is equivalent to laterally extensive
sheets of Lithofacies 7; Lithofacies 3 underlies
Lithofacies 5 and is separated by a gradational
contact; Lithofacies 6 overlies Lithofacies 5 and
separated by sharp basal scours.
Sedimentary Structures: Ripple-drift is the primary sedi-
mentary structure; contorted laminae are common
in the finer grained lower units; lower units also
may be structureless; individual sedimentation
units fine upward.
Grain Size and Grain Size Trends: The lower 5 m is convo-
luted very fine sandy siltstone; the upper 5m is
silty very fine sandstone.
Mineralogy: Silt and very fine to fine sand sized grains
are predominantly reddish brown mudclasts, well
rounded and well sorted.
Petrographic Name: Silty very fine to fine sandstone:
immature well sorted mudclast bearing sedarenite.
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Lithofacies 6. Symmetrical channel-fill sandstone.
Depositional System: Deltaic; distributary channel.
Location: Present throughout the study area.
Geometry: A symmetrical lens with a convex-down lower sur-
face; three-dimensional geometry is a shoestring;
width to thickness ratio ranges from 10:1 to 30:1.
Thickness: Lenses are from 2 to 13 m thick, and decrease in
thickness to the west; total thickness at any one
location is variable.
Occurrence: The color of Lithofacies 6 varies from light
reddish brown and light brown, grayish green to
white; commonly reddish brown on the 0.5 to 5 cm
thick weathering surface; symmetrical lenses are
thickest in the eastern part of the study area,
lenses thin and become more abundant toward the
west; lower contacts are convex-down and sharp;
upper contacts are variable, and may be straight,
convex up or down; upper contacts are normally
sharp; gradational upper contacts are rare.
Lateral Relationships and Trends: Symmetrical lenses over-
lie Lithofacies 3,4, 5, and 7; Lithofacies 1 and
7 overlie the symmetrical lenses; to the west
Lithofacies 1,3, and 4 are laterally equivalent;
to the east Lithofacies 7 is laterally equivalent
to Lithofacies 6.
Sedimentary Structures: Trough-fill cross-stratification
is the most abundant sedimentary structure; with-
in individual channel-fills trough-fill cross-
strata vary in thickness
from 0.5 to 2m; sedimen-
tary structures decrease in size upwards; foreset
cross-strata are rare; ripple-cross laminae and
ripple-drift are common at the top of channel-fill
bodies.
Grain Size and Grain Size Trends: Grain size within indi-
vidual lenses fines upward; granule and pebble
channel lags are common; very fine to medium sand-
stone is present, with very fine to fine sandstone
most abundant.
Mineralogy: Granule to pebble clasts are predominantly
intrabasinal mudclast and caliche; extrabasinal
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chert granules are rare; quartz is the most abun-
dant sand sized material, caliche clasts are
common.
Petrographic Name: Slightly granular very fine to medium
sandstone; calcitic submature to mature moderately
well sorted subsedarenite to sedarenite.
Lithofacies 3 (parallel bedded, horizontal, sheet siltstone-
sandstone-conglomerate)
Lithofacies 3 accumulated along the margins of shal-
low lakes in delta front environments where fluvial braided
streams prograded into standing water. This lithofacies
is developed in two horizons. The lowest occurrence is at
the base of a white sandstone sheet 12-45 m above the Dock-
um Group-Quartermaster Formation contact. The upper occur-
rence is along the eastern part of the Palo Duro State Park,
below and west of a continuous sandstone sheet that is said
to record the base of the Trujillo Formation (Hood, 1978)
(Figure 22).
Criteria which identify Lithofacies 3 as a product
of delta front environments include; (1) lateral litho-
facies assemblage and tract; (2) lithofacies distribution
and geometry; and (3) vertical sequences, sedimentary
structures, and textures.
Lithofacies 3 is transitionally underlain by bur-
rowed lacustrine mudstones of Lithofacies 1. Overlying
Lithofacies 3, and separated by a sharp contact are Lithe-
Figure 22. Upward coarsening delta front deposit along the
eastern part of Palo Duro State Park. Staff
is 1.3 m (6 ft).
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facies 6 and 7 (Figure 23). To the west Lithofacies 3 is
laterally equivalent to Lithofacies 7 (Figures 24 and 25).
This normally upward-coarsening vertical sequence is a
genetic package that is characteristic of fluvial-deltaic
progradation (Fisher and others, 1969; Fisher and Brown,
1972). Lithofacies 3 comprises thin horizontal sheets that
are made up of many thin sedimentation units. According to
Fisher and others (1969) this is characteristic of high
constructive lobate deltas which prograde into shallow
water and overlie thin muds,
A vertical sequence of sedimentary structures and
textures within Lithofacies 3 is complex and characterized
by a variety of sedimentary structures, textures, and abun-
dant soft-sediment deformation. Soft-sediment deformation
is the most diagnostic feature of Lithofacies 3. Both
small-and large-scale deformation structures were observed.
Small-scale deformation structures include faulted ripple-
cross laminae and roll structures (Figures 26 and 27). The
lower stratigraphic segments of Lithofacies 3 are charac-
terized by large-scale slumps which have been observed
over 25 square km (Figures 28 and 29). Slumping ensued
when a caliche clast conglomerate accumulated rapidly upon
a water-saturated silt and sand sequence. Rapid loading
caused the silt and sand underlying the conglomerate to
move downslope. The overturned nose of the conglomerate
Figure 23. Delta front deposits overlain by and separated
by a sharp contact from overlying channel sand-
stone-conglomerate at TM-6.
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Figure 24. Fining upward delta front deposits exposed at
DD-6b. Staff is 1.8 m (6 ft).
Figure 25. Delta front deposits exposed at PDSP-43.
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Figure 26. Delta front siltstone and very fine sandstone
with soft-sediment faults.
Figure 27. Delta front parallel laminated, very fine
sandstone exposed at TM-6 is contorted by
soft-sediment slump.
Figure 28. Delta front deposits exposed at SC-17a are
disturbed by slumping. Slumped section is
2 m (6 ft) thick.
Figure 29. Normal faults in sandstone bed overlying
slumped section exposed at 88-7.
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was observed (Figure 30) at the southern end of the dis-
turbance (DD-6). Sixty-seven measurements of the orienta-
tion of soft-sediment faults and joints are shown in Figure
31. These data indicate that extension was in a north-
south direction. Born (1972) described a modern and late
Quaternary lacustrine delta in west-central Nevada that
has very similar lithofacies, geometry, and soft-sediment
slump structures.
Lithofacies 4 (parallel bedded, inclined, lobate siltstone-
sandstone-conglomerate)
Lithofacies 4 is exposed in the upper 75 m of the
Dockum in the Palo Duro Canyon area (Figures 32 and 33).
This lithofacies is very similar to Lithofacies 3 in geom-
etry, lateral lithofacies assemblage, and vertical sequence
of sedimentary structures and textures. It is differen-
tiated from Lithofacies 3 by two major characteristics:
(1) Lithofacies 4 is much thicker (genetic packages are
from 8 to 15 m thick), and (2) the sedimentation units of
Lithofacies 4 are inclined from 2 to 15 degrees. The in-
clined sedimentation units are parallel bedded and wedge-
shaped, thickening at the top, and thinning toward the toe.
Grain size, within a sedimentation unit, increases from
the toe to the top, as does the scale of sedimentary struc-
tures. These continuous foreset beds indicate that dep-
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Figure 30. Overturned nose of conglomerate sheet which
overlies slumped section is visible at right.
Relatively undisturbed siltstone and very fine
sandstone are adjacent to and underlie con-
glomerate sheet. Visible length of staff is
1.5 m (5 ft). Section is exposed at DD-6a.
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Figure 31. Soft-sediment fault and joint orientation.
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Figure 32. Two upward coarsening cycles of inclined delta
front deposits are exposed at DD-6b. Staff
visible in lower right is 1.8 m (6 ft).
Figure 33. Inclined very fine sandstone foresets 7 to 8 m
(24 to 27 ft) thick are encased in reddish
brown siltstone at TC-1. Apparent dip angle
is 10 to 15 degrees.
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position occurred in at least 8 to 15 m of water.
The main criteria used to interpret a delta front
environment of deposition for Lithofacies 3 also apply to
Lithofacies 4. Increased thickness and development of fore
sets indicate that Lithofacies 4 represents deeper water
lacustrine delta front deposits than does Lithofacies 3.
Jopling (1958) produced, in a flume, micro-deltas which had
similar geometry and sedimentary structures. Lithofacies 4
has clear affinities to the classical "Gilbert-type" deltas
first described by Gilbert (1890).
Lithofacies 5 (mudclast siltstone-sandstone)
This lithofacies is exposed only in one location
(EPD-4) between two laterally extensive sheets of Litho-
facies 3 and 7. Lithofacies 5 is apparently a linear belt
elongate in the direction of sediment transport. Primary
sedimentary structures are ripple-drift within a sequence
of silt to fine sand sized mudclasts. Lithofacies and
facies geometry suggest deposition in a low interdeltaic
embayment. Mineralogy of Lithofacies 5 and characteristics
of laterally associated lithofacies suggest that the dep-
ositions! environment may have been a low-energy embayment
or mudflat. Progradation of lacustrine deltas may have
produced a sheltered embayment which would have received
sediment during delta flooding, delta foundering, or by
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longshore transport.
Lithofacies 6 (symmetrical channel-fill sandstone)
Symmetrical channel-fill sandstone bodies (Figure
34) were deposited in straight channels throughout the
Dockum section in the Palo Duro Canyon area. Symmetrical
sandstone lenses overlie and are laterally equivalent to
lacustrine mudstone, delta front siltstone-sandstone-con-
glomerate, and delta platform sandstone-conglomerate
(Lithofacies 7). The laterally associated lithofacies, and
the geometry and symmetry, indicate that the straight chan-
nels were delta distributary channels. Brown and others
(1973) proposed two depositional models for straight dis-
tributary channels. Brown's model for the high-constructive
lobate delta may be applied to Dockum channel-fill sand-
stones
.
Summary
Deltaic lithofacies are extensively developed
throughout the Dockum at Palo Duro Canyon.
Lacustrine mud-
stones are overlain by delta lithofacies deposited in delta
front, distributary channel, and interdeltaic environments.
Shallow water lacustrine deltas are characterized by near
horizontal delta front deposits of Lithofacies 3. A modern
and ancient analogue at Pyramid Lake in west-central Nevada
Figure 34. Symmetrically-filled sandstone body at SC-17b
is 1 to 4 m (3 to 12 ft) thick. Staff in
center is 1.8 m (6 ft).
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was studied by Born (1972). Deeper water lacustrine del-
tas are characterized by inclined sedimentation units of
Lithofacies 4 that were formed during deltaic progradation.
Prominent foreset units of Lithofacies 4 indicate deposi-
tion in water at least 8 to 15 m deep. Deltaic processes
within the Dockum lacustrine basin were characterized by
the interaction of sediment-laden streams with a standing
body of water.
Bates (1953) developed a theory of delta formation
based on contrasting densities of water in the basin and
that of associated rivers. He described the interaction
of sediment laden streams entering a standing water body in
terms of axial or plane jet flow. According to Bates (1953)
when the density of the inflow and basin waters were equal,
mixing occurred in three-dimensions (axial jet), and bed
load is rapidly deposited (Figure 35). Bates only con-
sidered that density was a function of salinity or tempera-
ture. Several important factors not considered by Bates
are; (1) sediment load (suspension load: bed load ratio),
(2) caliber and composition of bed load, and (3) water
depth. "Gilbert-type" delta foresets are commonly cited
as indicators of fresh water deposition. However, sediment
volume, sediment caliber, and water depth are equally im-
portant with water density as factors which affect delta
formation.
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Figure 35. Rapid deposition occurs when inflow and basin
waters are equally dense (Fisher and others,
1969* after Bates, 1953)-
61
Fluvial System Lithofacies
Lithofacies 7 (sheet sandstone-conglomerate) and
Lithofacies 8 (stacked channel-fill sandstone-conglomerate)
were deposited in fluvial-delta plain environments by fluv-
ial processes. Distinction between fluvial environments
and lacustrine-deltaic environments in some settings may
be arbitrary, for example within the study area sediment
dispersal across Dockum lacustrine deltas took place within
ephemeral, braided channels.
FLUVIAL LITHOFACIES DESCRIPTION
Lithofacies 7. Sheet sandstone-conglomerate
Depositional System: Fluvial braided streams; predominant
ly delta platforms, also valley floor.
Location: Predominantly in the eastern and northern part
of the study area.
Geometry: Tabular to sheet-like very elongate lenses;
width to thickness ratios vary from 125:1 to
300+:1.
Thickness: Total thickness 10 to 30 m; individual sheet
2 to 20 m thick.
Occurrence: The color of Lithofacies 7 is commonly reddish
brown on a 0.5 to 5 cm thick weathering surface;
true color ranges from light reddish brown and
light brown, grayish green to white; 5 to 7 sep-
arate sheets occur in the eastern part of the study
area, they thin and pinch out to the west, one
sheet thins to the south.
Lateral Relationships and Trends: Sandstone-conglomerate
sheets overlie Lithofacies 3 and 4, generally with
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sharp basal contacts; Lithofacies 6 overlies and is
interbedded with sandstone-conglomerate sheets;
Lithofacies 6 is laterally equivalent west and south
of sandstone-conglomerate sheets; in the southern
and northern parts of the study area sandstone-con-
glomerate sheets are truncated by Lithofacies 8.
Sedimentary Structures: Trough-fill cross-stratification
is the most abundant sedimentary structure; with-
in individual sheets cross-laminae vary in size
from 0.1 to 2m; cross laminae decrease in size
upwards; ripple-cross laminae and parallel laminae
are common at the top of sheets; accretionary grain
and curved bed set boundaries are common.
Grain Size and Grain Size Trends: Grain size within indi-
vidual sheets fines upward; basal parts of sand-
stone-conglomerate sheets are granule to pebble
conglomerate, upper parts are very fine sandstone;
the grain size within individual sheets fines in a
westerly direction.
Mineralogy: Granule to pebble clasts are intrabasinal mud-
clast and caliche; quartz is the most abundant
sand sized material and caliche is common.
Petrographic Name: Coarse sandy granule to pebble conglom-
erate: calcitic slightly dolomitic submature
hematitic caliche bearing calclithite. Fine to
medium sandstone: calcitic mature fresh feldspar
bearing sublitharenite.
Lithofacies 8. Stacked channel-fill sandstone-conglomerate
Depositional System: Valley fill; transgressive sequence
of fluvial-deltaic-lacustrine deposits.
Location: There are 2 belts that occur in the northern
and southern sectors of the eastern part of the
study area; Lithofacies 8 stratigraphically occu-
pies the central 50 m of the section.
Geometry: Linear belts are oriented east-west and elongate
in the direction of sediment transport; individual
channel-fill bodies have width to thickness ratio
ranges from 5:1 to 30:1.
Thickness: Total thickness ranges from 20 to 45 m; indi-
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vidual channel-fills vary from 7 to 20 m thick.
Occurrence: The color of Lithofacies 8 sandstone-conglom-
erate bodies is commonly reddish brown on a 0.5 to
5 cm thick weathering surface; true color ranges
from light to dark reddish brown, light grayish
green, to white; the southern belt of Lithofacies
8 is thickest in the east where 3 to 5 channel-fill
sandstone-conglomerate bodies are confined to an
east-west oriented trough; the northern belt is
more complex, 4 to 6 complex channel-fill units are
exposed; the lower contact is sharp, erosional;
the upper contact is normally gradational.
Lateral Relationships and Trends: The southern belt of
Lithofacies 8 is thickest in the east where 3 to 5
channel-fill sandstone-conglomerate bodies are
vertically stacked and confined to an east-west
valley; the southern belt thins toward the west;
vertically and to the west channel-fill bodies be-
come smaller and finer grained; to the west Litho-
facies 7 is laterally equivalent to the lowest
stacked channel-fill sandstone-conglomerate bodies;
in an upward direction channel-fill bodies become
parallel bedded sandstone sheets; to the south
channel-fill sandstone bodies are laterally equiv-
alent to parallel bedded sheet sandstones; Litho-
facies 3 and 4 occur at the top of Lithofacies 8.
Sedimentary Structures: Trough-fill cross-stratification
is the most abundant structure in the channel-fill
bodies; parallel-bedded, horizontal and inclined
laminated siltstone-sandstone-conglomerate overlie
stacked channel fill.
Grain Size and Grain Size Trends: Overall grain size trend
fines upward; most channel-fill bodies fine up-
ward; one channel fill is coarsening-upward
granule to pebble conglomerate.
Mineralogy: Granule to pebble clasts are predominantly
extrabasinal chert pebble conglomerates; very fine
to coarse quartz sand is abundant; medium sand to
granule caliche clasts are common.
Petrographic Name: Coarse sandy granular pebble conglom-
erate: calcitic and hematitic submature chert-
arenite; fine to medium sandstone: calcitic and
hematitic mature caliche bearing subsedarenite.
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Lithofacies 7 (sheet sandstone-conglomerate)
This lithofacies occurs in three horizons through-
out the study area. The lowest occurrence is a white sand'
stone sheet 15-45 m above the Dockum Group-Quartermaster
Formation contact (Figure 36). The middle Lithofacies 7
horizon consists of three or four individual sheets and
crops out along the eastern part of Palo Duro State Park
(Figure 37). This horizon of widespread sandstone-conglom
erate deposition was described by Hood (1973) as the base
of the Trujillo Formation. The uppermost occurrence is
composed of two vertically superposed sheets within 25 m
of the unconformity between the Dockum Group and Ogallala
Formation.
Lithofacies 7 occurs as a sheet-like sandstone-
conglomerate lens with a width to thickness ratio varying
from 125:1 to 300+:l {Figure 38). The distal margins thin
to a feather edge, and interfinger with Lithofacies 3,4,
5, and 6. Lithofacies 7 overlies and is separated by
sharp contacts from Lithofacies 3 and 4 which represent
delta front environments. Symmetrically-filled delta dis-
tributary channels overlie Lithofacies 7 and are laterally
equivalent. Delta distributary channel-fill sandstone
bodies that overlie fluvial sheet sandstone-conglomerate
suggest initiation of lacustrine expansion and the replace
ment of proximal facies (fluvial Lithofacies 7) with more
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Figure 36. White sandstone sheet capping Capitol Peak
overlies thin bedded and slumped delta front
siltstone and sandstone.
Figure 37. Fining-upward delta platform sheet overlies
parallel-bedded coarsening upward delta front
deposits at EPD-2. Staff at lower right is
1.8 m (6 ft).
Figure 38. Capitol Peak Mesa is capped by coarse-grained,
delta platform sandstone-conglomerate sheet
less than 1 to 13 m thick. Sandstone-conglom-
erate sheet overlies thin-bedded, white delta
front siltstone, and burrowed, reddish-brown
lacustrine mudstone. View is west.
6 6
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distal facies (deltaic Lithofacies 6). Lithofacies 1 over-
lies Lithofacies 7/ but is not genetically related. The
texture of Lithofacies 7 fines upward, and trough-fill cross-
stratification is the predominant sedimentary structure.
Laterally extensive (multilateral) sheet geometry,
texture, and structure suggest that Lithofacies 7 was de-
posited in ephemeral braided channels. The abundance of
trough-fill cross-stratification indicates that sediment
\
deposited in laterally extensive sheets moved downstream
predominantly as dune bedforms (Figures 39 and 40). Ver-
tical profiles of Lithofacies 7 show similarities with both
Donjek and Platte type braided stream depositional profiles
described by Miall (1977).
The braided stream depositional environments have
been reviewed by Miall (1977). Doeglas (1962), Ore (1964,
1965)
,
Smith (1970), and Rust (1972) have described strat-
ification types in modern braided stream deposits. Braided
streams are component facies within alluvial fan (Bull,
1963; Gole and Chitale, 1966; McGowen and Groat, 1971),
fan delta (McGowen, 1970; McGowen and Scott, 1974), and
braided outwash fan (Boothroyd, 1972; Boothroyd and
Ashley, 1975) depositional systems.
The interpretation that braided stream deposits are
present in the study area are based on external sandstone
body geometry and internal stratification. The external
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Figure 39. Trough-fill cross-stratification in fan delta
platform facies is exposed on Timber Mesa.
Staff is 1.8 m (6 ft).
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Figure 40. Trough-fill cross-stratification (upper two
cross-bedded units) and foreset cross-stratifi-
cation (lower cross-bedded unit) occurs within
a lenticular sandstone body at EPD-4. Dune
form 0.3 m (1.0 ft) high and reactivation sur-
face is preserved in lowermost fcreset cross-
stratified unit. Alternately the lower cross-
bedded unit may represent lateral migration
(to left) of a transverse bar.
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geometry of braided stream channels are characterized by
width to thickness ratios which exceed 40 to 1 (Schumm,
1972). In the study area, width to thickness ratios of
sandstone bodies vary from 125 to 1 to 350+ to 1. Although
no stratification type is uniquely characteristic of braid-
ed stream deposits, trough-fill cross-stratification is
present in modern braided streams described by Doeglas
(1962) and Rust (1972). In the study area, lacustrine and
deltaic facies are laterally equivalent to braided stream
deposits. The braided stream deposits are interpreted as
sand-rich delta platforms composed of shallow braided
stream channels. Some sand-rich delta platforms, which
represent proximal delta facies, are overlain by more dis-
tal delta facies represented by small distributary channel-
fill lenses. This vertical sequence occurs during lacus-
trine expansion which causes delta foundering.
Lithofacies 6 and 7 are the uppermost deposits of
genetic sequences that begin with lacustrine mudstones and
delta front siltstone-sandstone-conglomerate, and mark the
top of a coarsening-upward progradational deltaic cycle.
In the Palo Duro Canyon area, most Dockum delta platforms
are composed of coarse-grained sandstone-conglomerate
sheets. This differentiates these Dockum deltas from
oceanic deltas with fine-grained delta plains. A modern
analogue of these deposits is the on delta (delta platform)
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sediments of Pyramid Lake, Nevada that are described by
Born (1972). Those subaerial sediments are largely com-
posed of sand and gravel and were deposited in a valley
floor covered by a complex network of channels and alluvial
islands.
Lithofacies 8 (stacked channel-fill sandstone-conglomerate)
Lithofacies 8 is a very complex assemblage of sediment types
and depositional units that is characterized by vertically
stacked channel-fill sandstone-conglomerate bodies and del-
taic units. This lithofacies is interpreted to represent
a valley-fill sequence of transgressive-fluvial-deltaic-
lacustrine deposits that postdate a period of incision and
valley cutting. Characteristics of the transgressive se-
quence are shown in Figure 7.
Lithofacies 8 occurs as two linear belts in the
northern and southern sectors of the eastern part of the
study area. These belts stratigraphically occupy the cen-
tral 50 mof the Dockum in the study area. Asymmetrical
and symmetrical channel-fill sandstone-conglomerate units
occupy the base of the lithofacies. At
the easternmost
exposure of the southern belt (Figure 2, TSD-13, PDSP 32,
33, and 35) three to five channel-fill sandstone-conglom-
erate bodies attain a maximum combined thickness of 34 m
(Figures 41 and 42). Vertically and to the west channel-
Figure
41.
Mosaic
of
valley-
fill
sandstone-conglomerate
exposed
at
Tub
Springs
Draw
(TSD-13b)
where
approximately
34
m
(110
ft)
of
sandstone-
conglomerate
is
exposed.
Stadia
rod
is
4.3
m
(14
ft)
long.
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Figure 42. Valley-fill chert pebble conglomerate is over-
lain by distributary channel sandstone at RM-sb.
Approximately 25 m (80 ft) is exposed.
Figure 43. Distributary channel sandstone lenses exposed
300 m (1000 ft) west of valley-fill conglom-
erate at RM-sb. View is north.
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fills become similar to Lithofacies 6. Channel-fill becomes
thinner, more narrow, and finer grained than comparable se-
quences exposed at the base of the lithofacies (Figure 43).
Lithofacies 8 thins toward the west where a sandstone-
conglomerate sheet (Lithofacies 7), 2 to 13 m thick, is
laterally equivalent to the lowest stacked channel-fill
sandstone-conglomerate bodies (Figure 44). The uppermost
part of Lithofacies 8 contains Lithofacies 3 and 4 rocks
(Figure 45).
The sequence is interpreted to represent a valley-
fill sequence of transgressive fluvial-deltaic-lacustrine
deposits. Lacustrine mudstones that underlie the valley-
fill sequence contain calcareous zones which indicate arid
conditions. Arid conditions caused a decrease in lake area,
a lowering of base level, and valley incision. Streams
which carved the valley also constructed a small lacustrine
delta-fan delta at the margin of the lake. A wet cycle
caused lake area expansion which flooded the valley. A
transgressive deltaic sequence formed within the drowned
valley, was overlain by lacustrine mudstones. Fisk (1944)
documented a similar history of Mississippi River Valley
aggradation during the Quaternary. Wilkinson and Byrne
(1977) reported a similar transgressive deltaic sequence
in Lavaca Bay (Texas) was deposited during the past 10,000
years of rising sea level. Gilbert (1885, 1890), Butzer
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Figure 44. Capitol Peak Mesa is capped by a delta platform
sandstone-conglomerate sheet which formed down
dip and west of the valley-fill sequence.
Delta platform covers 1-3 square km, and is a
coarsening-upward sequence of burrowed, lacus-
trine mudstones, thin bedded, white delta
front siltstone, and coarse-grained delta plat-
form sandstone-conglomerate. View is west.
Figure 45. Inclined, parallel bedded delta front deposits
overlie delta distributary channel-fill bodies
exposed at RM-sb.
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(1971), and Born (1972) document base level fluctuations
in the lacustrine environment and describe delta modifica-
tion by fluvial incision.
Summary
Braided fluvial depositional processes occur on
delta platform and valley floor environments. In the study
area braided stream delta platform deposits are sandstone-
conglomerate sheets which cap progradational genetic se-
quences of lacustrine mudstones and deltaic siltstone-
sandstone-conglomerate. These sequences are upward coarsen
ing and occur in three horizons throughout the study area.
One transgressive valley-fill sequence was identified.
Braided stream fluvial deposits occupy the valley floor.
The valley-fill sequence comprises in ascending order fluv-
ial sandstone-conglomerate, deltaic siltstone-sandstone-
conglomerate , and lacustrine mudstone. The valley, that
was scoured during an arid cycle low stand of the lake, was
filled during a wet cycle lacustrine expansion.
GENETIC SEQUENCES
Three progradational sequences comprise the Dockum
Group in Palo Duro Canyon area and are composed of genet-
ically related lacustrine, deltaic and fluvial rocks. Three
main vertical, coarsening upward, genetic sequences consist
in ascending order of: lacustrine mudstone, deltaic silt-
stone-sandstone-conglomerate, and fluvial sandstone-con-
glomerate. This association of component lithofacies and
depositional environments is not coincidental. The inter-
pretation that these environments are genetically related
is derived from application of Walther's Law which states
that a vertical sequence of genetically related rocks must
have been produced in laterally equivalent environments.
In the Dockum rocks lateral equivalence of vertically super-
posed lithofacies can be verified because of the three-
dimensional exposure.
Base level fluctuations complicate interpretations
of depositional history. Gilbert (1890) first recognized
and described the effect of fluctuating lake level on
associated deltas. He described a series of successively
younger and stratigraphically lower deltas that were formed
by partial destruction of older and stratigraphically high-
er deltas. Dockum Group rocks in the study area record at
least one period during which base level was lowered, and
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sediment was reworked from older subaerially exposed deltas
and deposited in stratigraphically lower, younger deltas
down dip.
In the study area three genetic sequences are verti-
cally superposed. Laterally extensive progradational flu-
vial-deltaic sedimentation filled this part of the lacus-
trine basin three times. Each genetic sequence is a record
of progradation and partial filling of a portion of the
lake basin exposed in the Palo Duro Canyon area. One genet-
ic sequence also records a transgression. Each genetic
sequence will be discussed in ascending order in terms of
lithofacies, environments, and depositional systems. Data
on the genetic sequences are derived from contour maps,
fence diagrams, cross-sections, paleocurrent analysis, and
petrographic study.
First Progradational Sequence
The first progradational sequence occurs at the base
of the Dockum Group. In outcrop this sequence is charac-
terized by thick varicolored mudstones that are situated
near the Dockum Group-Quartermaster Formation contact. The
first progradational sequence consists of three units which
are, in ascending order: Cl) a lower unit composed of
Lithofacies 2,3, and 4; (2) a middle unit composed of
Lithofacies 1 and 2; and (3) an upper unit composed of
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Lithofacies 3,6, and 7. The lateral and vertical trends
in thickness, texture, lithology, and sedimentary structures
are illustrated in Figure 46 and 47.
LOWER UNIT
The lower unit of the first progradational sequence
overlies the unconformity separating the Dockum Group and
Quartermaster Formation. The lower unit is a thin set of
westward-thinning, and westward-dipping delta front depos-
its (Figure 48), which represents initial Dockum sedimenta-
tion in the study area. The variation of sandstone percen-
tage in the lower unit over the study area (Figure 49) in-
dicates that the lower unit becomes finer in a westerly
direction. There is an anomalous area in the northeast
sector of the study area where sand did not accumulate.
Within this area there are gray mudstones which contain
abundant macerated and unoxidized plant debris. Sandstone-
free areas are interpreted to be interdeltaic mudstones
that are laterally equivalent to delta front sandstone-
conglomerate .
Lateral and vertical trends of the lower unit are
shown in Figures 46 and 47. Two areas in the northern and
south-central sectors where the lower unit is thickest,
also exhibit high percentage sandstone, and are interpreted
to be areas of maximum sediment input. Sediment, supplied
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Figure 46. Ist progradational sequence fence diagram illus
trates texture, lithology, and depositional
facies. Figure 47 covers the same area, and
illustrates sedimentary structures. The Ist
progradational sequence overlies the unconform-
ity separating the Permian Quartermaster For-
mation and the Triassic Dockum Group. Three
units represent in ascending order: lower unit
—distal lacustrine fan delta and soil zone;
middle unit—lacustrine mudstone and caliche
horizons; and upper unit—proximal lacustrine
fan delta (delta front, distributary channel,
and delta platform environments). The lower
unit is a delta front and soil zone sequence
that dips and thins toward the west. Quartz-
replaced and chert-replaced (?) evaporite nod-
ules occur in this unit. Minor amounts of eu-
hsdral and bipyramidal quartz silt is present.
The middle unit is composed of two to five vari
colored, burrowed lacustrine mudstones. These
mudstone layers were deposited in lake center
and lake margin environments and contain abun-
dant Scoyenia and Teichichnus. Caliche hori-
zons consist of discontinuous caliche nodules
that replace burrowed mudstones. Caliche nod-
ules contain predominantly microspar calcite,
sparry calcite, and minor dolomite. The upper
unit is a white very fine sandstone sheet that
is thickest in the north and east and thins
toward the south. A slump occurred in delta
front suit and very fine sand of the upper unit
as result of rapid loading by deposition of a
conglomeratic unit. The slump covered at least
25 sq km, and movement was southerly. The
southerly thinning of sandstone bodies, and the
decrease in percentage sandstone toward the
south indicate southerly progradation of fan
delta lobes in the upper unit of the first
progradational sequence.
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Figure 46
Figure 47. Ist progradational sequence fence diagram illus
trates sedimentary structures and depositional
facies for the same area as Figure 46.
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Figure 47
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Figure 48. The lower unit of the first progradational
sequence is composed of inclined delta front
deposits which overlie the unconformity sep-
arating the Dockum Group and Quartermaster
Formation. Purple and dark yellowish-orange
lacustrine mudstones and white caliche horizons
occur in the middle unit of the first prograda-
tional sequence.
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Figure 49. Percentage sandstone in the lower unit of the
first progradational sequence.
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from north and south-east sources, becomes finer-grained
westward in the direction of sediment transport.
Several aspects of the first progradational sequence
are unique when compared to other Dockum units. The lower
unit immediately overlies the Permian-Triassic unconformity.
This unconformity records a period of erosion of unknown
length of time. The unconformity is recognizable to the
north in the Canadian River valley, but is not identifiable
50 km to the south at Tule Canyon (Boone, pers. comm,,
1977). The initial Dockum sediments that accumulated on
this surface were derived from Permian rocks that surround-
ed the basin. Analysis of mineralogy, texture, and sur-
face features of sand grains provided data used to inter-
pret depositional environments and climatic conditions
lateral to eroded areas.
Two types of quartz sand grains observed in the
lower unit are rare in overlying genetic sequences. These
are (1) very well rounded medium to coarse quartz and
chert sand, and (2) silt to very fine sand-sized euhedral
and bipyramidal quartz. Medium to coarse quartz and chert
sand (Figure 50) is normally coarser and much better round-
ed than sand in overlying units. Much of the quartz sand
is strongly undulose and some quartz sand contains anhydrite
inclusions. This contrasts with very fine to fine common
quartz sand abundant throughout the overlying Dockum.
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Figure 50. Rounded quartz and chert medium to coarse sand
is common in the lower unit of the first pro-
gradational sequence. Scale is 0.5 mm.
Figure 51. Euhedral quartz crystals are silt to very fine
sand sized in the lower unit of the first pro-
gradational sequence.
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Chert is the most abundant rock fragment in 83 percent of
the sandstone samples from the first progradational sequence.
This contrasts with the abundance of carbonate rock frag-
ments in the Dockum as a whole. (In 55 percent of Dockum
sandstones carbonate rock fragments are the most abundant
rock fragment). Also, silt to very fine quartz sand in the
lower unit is commonly euhedral and bipyramidal (Figure 51).
These grains show some abrasion, but sharp lines still re-
main between crystal faces. Most of these crystals are
very clear, but some have hematite coats. Bipyramidal
quartz is commonly cited as an indicator of a volcanic
source (Folk, 1974b). Euhedral volcanic quartz phenocrysts
from the Carrizo Formation in central Texas are shown in
Figure 52. They are embayed and have rounded boundaries
between crystal faces. Folk (pers. communication, 1978)
stated that euhedral quartz from the Dockum probably orig-
inated from transportation and disaggregation of sedimen-
tary quartz nodules. Several lines of evidence support
Folk's interpretation: (1) quartz-replaced evaporite nod-
ules which occur at the top of the lower unit contain eu-
hedral quartz crystals and anhydrite inclusions; (2) cores
from Permian San Andres Formation in north-central Texas
contain partially silicified evaporite nodules (de Mejia,
1977); (3) some medium and coarse quartz sand in the lower
unit also contain anhydrite inclusions; and (4) whereas
Figure 52. Euhedral embayed quartz phenocrysts from the
Carrizc Formation in central Texas.
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volcanic quartz is characteristically embayed and rounded,
sedimentary quartz crystals lack embayments.
MIDDLE UNIT
The middle unit, which consists of two to five
lacustrine mudstone packages that are interbedded with
paleocaliches (Figure 48), is the thickest unit of the
first progradational sequence. The lateral and vertical
trends in composition, sedimentary structures and deposi-
tional facies are shown in Figures 46 and 47. An isopach
of the middle mudstone unit is shown in Figure 53. Two
lobes of mudstone accumulation occur in the northwest and
southeast sectors of the study area. Mudstone thickness
decreases toward the southwest. This depositional pattern
suggests that two sub-basins existed in the study area.
Although the total thickness of rock in the Dockum basin
increases to the west beneath the High Plains, sub-basins
may have been locally important areas of sediment accumula-
tion
.
UPPER UNIT
The upper unit caps the first progradational se-
quence. It is
an upward coarsening sequence of fan delta
front, distributary channel, and delta platform siltstone-
sandstone-conglomerate; white, very fine to fine sandstone
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Figure 53. Thickness of mudstone in the middle unit of the
first progradational sequence.
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is the dominant lithology. A map of both percentage sand-
stone and net sandstone is shown in Figure 54, The percen-
tage sandstone values show a pronounced decrease southward.
The high net sandstone values which occur in the northern
sector of the study area also decrease toward the south.
These changes are illustrated in Figures 46 and 47 which
show that lenticular channel-fill sandstone bodies are
abundant in the northern sector of the study area and thin
towards the south. These trends are interpreted to indicate
southward progradation of fluvial-deltaic lobes into the
study area.
A major soft-sediment slump is shown in Figure 28.
Inclined, faulted, and overturned delta front deposits
occur over 25 square km (Figures 29, 30, and 31) within the
upper unit. Field relationships establish that the slump
movement was primarily southward into the finer grained
sediments of the distal delta front.
Summary
An upward coarsening sequence of lacustrine and
fluvial-deltaic environments characterized the first pro-
gradational sequence of the Dockum Group in the study area.
A sandstone percent map for the entire first progradational
sequence is shown in Figure 55. A fan-shaped contour pat-
tern outlines the area of highest percentage sandstone in
Figure 54. Percentage sandstone and net sandstone in the
upper unit of the first progradational sequence.
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Figure 55. Percentage sandstone in the total first oro-
gradational sequence.
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the northern part of the study area. This contour is a
broad outline of the shape of the lacustrine fan delta in
the upper unit which prograded from the north to the south.
The basal sandstones of the lower unit of the first pro-
gradational sequence contain anomalously coarse and well
rounded quartz and chert sand grains probably derived from
aeolian sources.
Sandstones present in the upper unit are very fine
quartzarenites. Their source also may have been Permo-
Triassic dune fields developed north and east of the study
area. Interbedding of lacustrine mudstones and paleo-
caliches in the middle unit indicate that the climate alter
nated between arid and humid cycles. A vertical profile
of lacustrine deposits which characterize the first pro-
gradational sequence is shown in Figure 4.
Second Progradational Sequence
The second progradational sequence makes up much of
the sandstone-rich central 30 to 50 mof the Dockum. A
westward prograding lacustrine delta system is the dom-
inant depositional element in the second progradational
sequence. A series of measured
sections along strike
(Figures 56 and 57) illustrate lateral and vertical trends
in texture, sedimentary structures, and depositional facies
of the delta system and show the relationship between the
Figure 56. Second progradational sequence strike section
is exposed along the eastern margin of Palo Dure
State Park. This figure illustrates the facies
tract and sedimentary structures, and Figure 57
illustrates the texture. Two nearly continuous
sandstone-conglomerate sheets, which cap the
second progradational sequence, were deposited
in sandstone-rich delta platform braided stream
and distributary channel environments. The pro-
gradational sequence is composed in ascending
order of: lacustrine burrowed mudstone (pro
delta), and delta front siltstone-sandstone-
conglomerate. The two laterally and temporal-
ly equivalent lacustrine fan deltas were sepa-
rated by finer grained interdeltaic mudflat or
embayment. The southern flank of the southern
lacustrine delta is truncated by a thick valley-
fill sequence which formed in response to di-
minished lake depth and area. The valley-fill
sequence is composed of basal braided stream
and delta distributary sandstone-conglomerate.
The valley-fill sequence comprises a trans-
gressive sequence encased within an overall
progradational sequence. A subsequent expan-
sion of lake area caused the lacustrine deltas
to founder. Fine-grained lacustrine mudstones
of the third progradational sequence overlie
the second progradational sequence. Vertical
exaggeration is 128x.
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Figure 56
Figure 57. Second progradational sequence strike section
is exposed along the eastern margin of Palo Duro
State Park. Figure 57 illustrates texture and
depositional facies for the same areas as Figure
56.
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delta system and the valley-fill system. The delta system
is truncated in the northern and southern sectors of the
study area by two valley-fill sequences. Small fan deltas
were constructed at the valley mouth. Subsequent expan-
sion of lake area produced flooding in the valley which
ultimately was filled by a transgressive fluvial-deltaic-
lacustrine sequence. A dip-oriented series of cross-sec-
tions (Figure 58) illustrate down dip facies variation and
changes in texture and structure within the valley-fill
system.
LACUSTRINE DELTA SYSTEM
Lacustrine delta systems of the second prograda-
tional sequence comprise coarsening-upward lacustrine and
delta front, delta platform, and distributary channel
deposits.
Lacustrine mudstones are thickest (9 to 13 m) in
the western part of the study area (Figure 34) and thin
toward the east (less than 1 to 6 m). Valley incision,
caused by lowering of base level, entirely removed lacus-
trine mudstone at two locations (Figure 2, RM-sb, DD-6).
Thick lacustrine mudstones in the west are laterally equiv
alent to thick deltaic deposits in the eastern part of the
study area. Lacustrine mudstones contain isolated car-
bonate nodules that may represent paleocaliche. Arid con-
ditions, which caused a decrease in lake volume and valley
Figure 58. Dip-oriented perspective series of strike sec-
tions within the second progradational sequence
which show a down dip facies change from fluv-
ial valley-fill to lake margin and lake center
deposition. A transgressive fluvial valley-
fill sequence (TSD-13b) formed in response to
diminished lake depth and area. A narrow 100-
1000 m wide valley is filled predominantly with
thick fluvial and deltaic channel sandstone
bodies. High net sandstone and high percent-
age sandstone values are associated with east-
west oriented valley fill. A transgressive
fluvial-deltaic sequence (RM-5, sb) was depos-
ited down dip, and west of the fluvial valley
fill in a broader (500-5000 m), shallow (5-15
m) valley. Thin sandstone-conglomerate sheets
were deposited on progradational fan delta
platforms west of the broad, ill-defined
valley mouth. These thin sandstone-rich fan
delta pinch out into fine-grained lacustrine
mudstones that are 3-8 km west of the fluvial
valley-fill. Throughout the study area the
second progradational sequence is overlain by
fine-grained lacustrine mudstones which com-
prise the base of the third progradational
sequence.
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Figure 58
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incision, possibly contributed to caliche development.
Framework lithofacies of the main lacustrine delta
are thick sandstone-conglomerate sheets exposed along the
eastern margin of the study area. Three or four delta
platform sheets occupy part of the second progradational
sequence. A sandstone percentage map of the second pro-
gradational sequence indicates a decrease in sand content
to the west (Figure 59). High sandstone percentage areas
with an east-west orientation record the loci of valley-
fill. Examples of delta front deposits of the second se-
quence are shown in Figures 22 and 23. Delta platforms
are composed of lobate sandstone-conglomerate sheets which
overlie delta front deposits (Figure 60). Abundant trough-
fill cross-stratification and lenticular channel-fill sand-
stone bodies within broad sandstone-conglomerate sheets
(Figures 39 and 40) suggest that delta platforms are prod-
ucts of braided stream processes. Delta platforms are pre-
dominantly composed of sand and granule to pebble gravel,
and are fan-shaped. Lateral and vertical variations in
thickness, texture, and structure of the two main delta
lobes are shown in Figures 56 and 57 which illustrate strike
relationships of the two main lobes in the eastern part of
the study area.
Two thinner delta platform deposits are exposed
west of the main lobes on Timber Mesa and Capitol Peak Mesa
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Figure 59. Percentage sandstone in the second prograda-
tional sequence.
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Figure 60. Delta platform deposits cap slightly inclined
delta front deposits on Brushy Butte.
Figure 61. Fan-shaped,
westward dipping and thinning delta
platform deposits on Timber Mesa. View south.
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(Figures 38 and 44). Three-dimensional exposures reveal
that these sheets dip and thin toward the west (Figure 61).
Distributary channel sandstone bodies in the west are lat-
erally equivalent to delta platform sheet sandstones in the
east. The delta exposed on Capitol Peak Mesa is down dip
from thick channel-fill sandstone-conglomerate that con-
stitute the basal valley-fill sequence. A small (1 to 3
square km) shallow-water fan delta (see Figure 19) is in-
terpreted to have formed during rapid progradation associat-
ed with base level lowering produced by an arid cycle. A
vertical profile of a typical shallow-water (1 to 10 m).
lacustrine delta is illustrated in Figure 5 .
VALLEY-FILL SEQUENCE
There are two east-west oriented valley-fill se-
quences within the second progradational sequence. The
contact between the southern valley-fill sequence and the
southern lobe of the main lacustrine delta is shown in
Figure 62. Part of the
northern valley-fill sequence is
exposed in a road cut along the Palo Duro State Park road
near the northwest end of the
Palo Duro State Park. Here,
the valley-fill is made up of four to six major sandstone
bodies and numerous smaller conglomerate lenses. Excel-
lent dip exposures
of the southern valley-fill sequence
are displayed over a distance of five kilometers in can-
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Figure 62. View east of the contact between the valley-
fill sequence to the south (right), and the
lacustrine delta sequence to the north (left).
The thick sandstone and conglomerate section
on the right is exposed at EPD-1 and is approx
imately 40 m (130 ft) thick.
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yons north of Mesquite Park and in Tub Springs Draw
(Figures 41 and 42).
Lateral and vertical lithofacies relationships of
this sequence are illustrated in Figure 58. A vertical
succession of valley-fill facies (Figure 7) indicates that
the valley-fill sequence was constructed in three stages.
First, lake area and depth were reduced during an arid
cycle, resulting in increased stream gradient and valley
incision. A second stage is recorded in braided stream
deposits that accumulated on the valley floor. These
streams were confined within the valley 1000 to 2000 m
wide. The depth of the valley may have been 5 to 15 m. A
shallow lake existed at the valley mouth where braided
streams constructed a small fan delta which is exposed now
on Capitol Peak Mesa. A third stage records valley aggra-
dation during a humid cycle which increased lake area and
depth thereby drowning the valley. Braided streams within
the valley were succeeded by delta distributaries (Figure
43). Deposition accompanying the three stages produced
a transgressive sequence. Lacustrine expansion overwhelm-
ed fluvial input. As a result deltaic environments migrat
ed updip, covering the fluvial deposits.
PALEOCURRENT ANALYSIS
Paleocurrent analysis provides additional data
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which support the interpretation of westward progradation
°f fluvial-deltaic lithofacies. Paleocurrent analysis
attempts to measure the dip direction of paleoslope.
Paleoslope indicators vary from measurements of channel
orientation to measurements of the orientation of small-
scale stratification. For instance, channel orientation
is a better indicator of paleoslope than ripple cross-
stratification which reflects only local hydrodynamic con-
ditions. Depositional environments also vary with respect
to their ability to reflect true regional paleoslope. Dis-
tributary channel and crevasse splays may be oriented at
high angles to main flow and regional dip. Paleocurrent
indicators within distributary channels and crevasse splays
would not reflect true regional paleoslope. In the study
area, fan delta-delta platform deposits are composed of
trough-fill cross-stratification produced by downstream
migration of dune bedforms. In this environment dune bed-
forms developed in braided streams whose trends range
from parallel to regional paleoslope to more than 30 de-
grees from regional paleoslope. Paleocurrent
indicators
from fan delta-delta platform facies are better indicators
of true paleoslope than distributary channel or crevasse
splay facies, Paleocurrent analyses
in the study area
support these general
observations.
Directional features were determined for various
genetic units within the second progradational sequence by
measuring plunge direction of axes of trough-fill cross-
stratification. Measurements were taken only from bedding
plane surfaces which clearly indicate the direction of dune
migration (Figure 63). Trough axes of distributary chan-
nel, fan delta-delta platform, and crevasse splay deposits
were measured from Lithofacies 6,7, and 8. These data are
shown in Figure 64. Distributary channel and crevasse
splay environments have considerable scatter of trough axes
orientation. Measurements from fan delta-delta platform
fluvial deposits show the narrowest distribution of trough
axes orientation. This distribution indicates that pro-
gradation of these environments was down paleoslope toward
the west-southwest.
Third Progradational Sequence
The third progradational sequence is the last
genetic sequence exposed in the study area.
Lithofacies 4
is most characteristic of this sequence. A vertical pro-
file through sequence 3 contains, in ascending order:
lacustrine burrowed mudstones (Lithofacies 1) ; delta
front siltstone-sandstone-conglomerate (Lithofacies 3,4,
and 6); and fluvial-deltaic platform sandstone-conglomerate
(Lithofacies 7). This same
vertical sequence is repeated
resulting in 2 superposed progradational cycles
within the
Ill
Figure 63, Current indicators were taken only from bedding
planes which show the plunge axes of trough-
fill cross-stratification.
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Figure 64. Current
directions in the second progradational
sequence based on the plunge direction of axes
of trough-fill cross-stratification.
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third progradational sequence. Figures 65 and 66 show the
vertical and lateral variation in thickness, texture, and
structures of the third progradational sequence. These
illustrations show that this sequence is composed of two
coarsening upward, westward prograding lacustrine deltas.
Each delta consists of lacustrine, delta front, distribu-
tary channel, and fluvial-delta platform deposits (Figure
67). A characteristic vertical profile of this deltaic
sequence is shown in Figure 6.
A sandstone percentage map of the third prograda-
tional sequence (Figure 68) shows two east-west trending
sandstone-rich belts and indicates a westward decrease in
percent sandstone. Lithofacies 7, which is present in two
sheet-like horizons throughout the study area, is thicker
and more sandy within these sandstone-rich belts than in
laterally equivalent deposits (Figure 69). The two areas
of high sandstone percentage locate axes of sediment input
from eastern sources.
Lacustrine lithofacies generally are not well ex-
posed; but there are good exposures in the western part of
the study area. In the eastern part of the study area,
lacustrine mudstones in the lower part of the progradation-
al sequence are exposed poorly or are
inaccessible. Lacus-
trine mudstones thicken to the west where they comprise one
or two burrowed horizons
that are 2 to 10 m thick.
Figure 65. Fence diagram of the third progradational se-
quence exposed in the central and western por-
tions of the study area. This figure illus-
trates sedimentary structures and depositional
facies. Figure 66 illustrates texture. Two,
superposed lacustrine deltas prograded to the
west across the study area. Each lacustrine
delta is composed in ascending order of: lacus-
trine mudstone, deltaic siltstone-sandstone-
conglomerate, and fluvial sandstone-conglomerate
Parallel, foreset inclined, wedge-shaped sedi-
mentation units that were deposited proximal
delta (delta front) facies are highly charac-
teristic of deltaic deposits of the third pro-
gradational sequence. The thickness of these
delta foresets is from 8 to 15 m, indicating
that deposition occurred in water at least 8
to 15 m deep. Vertical exaggeration is 44x.
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Figure 65
Figure 66. Fence diagram of the third progradational
sequence exposed in the central and western
portions of the study area. This figure
illustrates texture for the same area as
Figure 65.
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Figure 66
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Figure 67. The Lighthouse is a progradational deltaic
sequence of inclined reddish-brown and gray
delta front siltstone and very fine sandstone
that is capped by a parallel bedded delta
platform sandstone-conglomerate sheet.
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Figure 68. Percentage
sandstone in the third prograda-
ticnal sequence.
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Figure 69. Thick sequence (approximately 40 m, 130 ft) of
braided-stream delta platform deposits of the
3rd progradational sequence is exposed at
PDSP-45 below the unconformity separating the
Dockum Group and the Cgallala Formation.
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Deltaic deposits (Figure 32) constitute the thick-
est lithofacies of the third progradational sequence. Del-
taic facies are composed predominantly of Lithofacies 4.
Parallel bedded, inclined, wedge-shaped delta foresets are
well exposed in many localities (Figure 2, NBD-Bb, DD-6b,
RM-5, CPC-12, SC-11, SC-17b, TM-1, the Lighthouse, and
Castle Peak). Delta foresets were constructed at the ad-
vancing front of some lacustrine deltas. Vertical height
of a single continuous foreset unit indicates a minimum
water depth in which the unit was deposited. Some foreset
units are 8 to 15 m high, indicating that lacustrine del-
tas in the third progradational sequence were deposited in
at least 8 to 15 m of water.
The high dip angle (4 to 15 degrees) of the delta
front deposits indicates there was minimal reworking of
delta front sediment by waves and currents. A high angle
of repose is preserved under conditions of rapid sedimenta-
tion, minimal soft-sediment movement, and low-physical
energy within the basin of deposition.
Apparent dip direction of delta foresets in the
study area varies widely. Factors which influence apparent
dip direction as observed on an outcrop
face include true
dip direction, and the strike of the outcrop face. Appar-
ent dip may change with variations in true dip. Coalescence
of many laterally equivalent
delta front lobes could cause
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the true dip angle and orientation to vary. Variations in
outcrop strike causes apparent dip angle and direction to
change. An outcrop which faces north and strikes east-west
will show foresets with an apparent dip east or west regard-
less of true dip direction. If the true dip direction is
normal to the strike of the outcrop, then dipping foresets
will appear horizontal. Measurements taken from sedimentary
structures exposed in two-dimensional vertical outcrops are
not valid indicators of true dip. Lithofacies geometry and
trends in sandstone percentage were used as a means to
determine the westward deltaic progradation.
Distributary channel-fill and channel mouth bar
deposits overlie delta front foresets. Laterally equiva-
lent to thick sequences of delta front and delta platform
deposits are prograding lobate crevasse splay deposits of
thin conglomeratic sheets and channels (Figure 65), and
laterally equivalent fine-grained foreset lobes (Figure 70).
Marginal crevasse channels and splays are common features
of the Dockum lacustrine deltas. In one location (Figure 2,
PDSP-43) crevasse splays are vertically stacked. On a
large scale, the lithofacies tract is very similar to the
vertical profile of prograding lacustrine deltas with prom-
inent delta front foresets. The inclined foreset lobes
indicates that crevasse splays prograded into low physical-
energy water bodies, possibly an embayment.
Figure 70. Crevasse splay deposits at PDSP-43 are exposed
300 m (1000 ft) south of PDSP-45 (see Figure
69). Crevasse splay deposits comprise thin
conglomeratic sheets and lobate inclined fore-
set lobes.
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Delta platform sheet deposits occur at two horizons
which cap delta front foresets. These sheets are products
of braided stream processes that operated on coarse-grained
delta platforms. Areas where delta platform deposits thick-
en (Figure 69) are outlined by high percentage sandstone
values (Figure 68), which delineate axes of sediment input.
Sediment sources for delta platforms included Permian and
older Triassic deposits that lay to the east. Two lacus-
trine delta lobes were fed by westward-flowing streams.
The lower delta lobe prograded to the west across the study
area. An increase in lake area and depth, or possibly an
upstream river avulsion and continued basin subsidence,
caused the lower delta to founder. Lacustrine mudstones
accumulated upon the lower delta platform. Dockum deposi-
tion in the study area ended with another cycle of westward
deltaic progradation into water 10 to 20 m deep.
DEPOSITIONAL HISTORY
A complex depositional history is indicated for the
Dockum Group in the study area. Each of the three genetic
sequences comprises similar vertical lithofacies suites.
Each sequence is a progradational coarsening upward lacus-
trine, fluvial-deltaic assemblage. One progradational se-
quence contains an incised, fining upward transgressive se-
quence. There are lateral facies variations and thickness
relationships among lithofacies of different progradational
sequences. Each sequence is characterized by a predominant
lithofacies. The first progradational sequence is charac-
terized by thick lacustrine mudstones (Lithofacies 1) and
paleocaliche horizons (Lithofacies 2). The second prograda
tional sequence contains localized, transgressive valley-
fill sequences (Lithofacies 8). The
third progradational
sequence is characterized by two cycles of thick, delta
foresets (Lithofacies 4).
Interbedded lacustrine mudstones and paleocaliches
of the first sequence are indicative
of alternating humid
and arid climatic cycles. During humid cycles lakes were
continuous and may have been open lakes.
Braided streams
transported very fine to coarse well rounded quartz and
chert sand from aeolian dune fields, and lacustrine deltas
were constructed in the study area. During arid cycles,
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ephemeral lakes and paleocaliches developed on mudflats
and/or in a shallow subsurface diagenetic environment.
The progradational lacustrine delta which caps the
first sequence had a northern sediment source. This con-
trasts with the two overlying sequences which have eastern
sources. The sandstones of the first progradational se-
quence are mineralogically mature (Appendix 2). Distribu-
tary channel and delta platform sandstones are predominant-
ly very well sorted quartzarenites. The coarse well round-
ed quartz and chert sandstones of the basal sandstones in-
dicate that these rocks were derived from aeolian sands.
Permo-Triassic dune fields were present north and east of
the study area.
The second progradational sequence mostly comprises
shallow water lacustrine deltas. The second sequence in-
cludes thick transgressive valley-fill deposits. There are
paleocaliches within the basal lacustrine mudstones of the
second progradational sequence. Paleocaliche and valley
scour indicate that arid climate cycles alternated with
humid climatic conditions that were favorable for develop-
ment of shallow water lacustrine deltas.
Paleocurrent and petrographic analyses indicate
that eastern sediment source areas were underlain predom-
inantly by sedimentary
terrains. Texture and composition
of sandstones from the second progradational sequence in-
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dicate that sands were not derived from aeolian sources. A
mixed sedimentary terrain is indicated by the abundance of
sedimentary rock fragments (mudstone, caliche, chert) and
fresh and weathered feldspars. The valley-fill sequence
also was derived from eastern sedimentary sources. Granule
to pebble chert conglomerate is abundant in the valley-fill
deposit, but chert conglomerate is not found in other strata
of the second progradational sequence.
A fundamental change in the character of deltaic
lithofacies occurs within the third progradational sequence,
which is characterized by parallel-bedded, inclined, wedge-
shaped delta foresets. Delta foresets accumulated at the
advancing front of westward prograding lacustrine deltas.
Continuous foresets are from 8 to 15 m thick, and they
probably accumulated in water that was at least S to 15 m
deep. Caliche horizons were not observed in the third
progradational sequence. The underlying genetic sequence
only contains indicators of shallow water depth. The third
progradational sequence contains evidence of stable, rela-
tively deep (10 to 20 m) water lakes without the interven-
ing arid conditions which
characterize the underlying pro-
gradational sequences.
The provenance of fluvial sandstones
in the third
progradational sequence was similar
to that of the second
progradational sequence.
CONCLUSIONS
1) Upper Triassic Dockum Group rocks in the study area are
continental lacustrine, fluvial-deltaic deposits.
2) Three progradational genetic sequences are recognized
which consist in ascending order of: lacustrine mudstone,
deltaic siltstone-sandstone-conglomerate, and fluvial
sandstone-conglomerate.
a) The first progradational sequence is typified by
thick burrowed lacustrine mudstones and thin paleocaliche
horizons. Mudstones and caliche are capped by a fan-shaped,
shallow-water, lacustrine delta that prograded southward.
Abundant slump structures occur over 25 square km in the
front of the lacustrine delta. Permo-Triassic dune sands
north and east of the study area were the source of some
sands for the first sequence. During deposition of the
first sequence climatic conditions alternated between arid
and humid.
b) The second progradational sequence is character-
ized by several shallow-water, lacustrine deltas. Rapid
progradation of small
fan deltas ensued when base level was
lowered during an arid cycle. Lower lake level increased
local gradient and caused valley incision. Subsequent in-
crease in lake area and depth drowned the valley which ul-
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timately was filled with a transgressive fluvial, deltaic,
and lacustrine sequence. A series of fan-shaped, shallow-
water deltas prograded toward the west. Mixed sedimentary
source terrains lay east of the study area. The climate
during deposition of this sequence alternated between arid
and humid conditions.
c) The third progradational sequence is charac-
terized by thick, parallel-bedded, inclined, delta front
foresets deposited at the margins of relatively deep-water
(10 to 20 m) lacustrine deltas. Continuous foresets are
8 to 15 m thick indicating that deltas prograded into water
at least 8 to 15 m deep. Lobate, lacustrine deltas pro-
graded westward. Mixed sedimentary source terrains were
east of the study area.
3) Ephemeral lakes characterized the first and second pro-
gradational sequences. Lacustrine fan deltas formed in
shallow-water 1 to 10 m deep. The third progradational
sequence was deposited in more stable deep-water (10-20 m)
lake. A vertical sequence through Dockum Group rocks in
the Palo Duro Canyon area reveals a change from alternating
humid and arid conditions of the first and second prograda-
tional sequences toward continuously humid conditions which
prevailed during deposition of the third progradational
sequence.
APPENDIX I
URANIUM DATA
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SAMPLE NAME GENETIC DEPOSITIONAL TEXTURE U 0 ppm
*
SEQUENCE ENVIRONMENT
3 8
CPC-12-la Ist G.S. soil zone qtz. 1
geode
“1.2-la Ist G.S. soil zone qtz. less than 1
geode
TMC-5-1 2nd G.S. lacustrine- mudstone 1
interdistrib.
TMC-5-2a 2nd G.S. splay conglomer. 1
TMC-5-2b 2nd G.S. interdistrib. mudstone 2
TMC-5-2c 2nd G.S. splay conglomer. 2
TMC-5-3a 2nd G.S. lacustrine- mudstone 1
interdistrib.
TMC-5-3b 2nd G.S, lacustrine- mudstone 1
interdistrib.
TMC-5-3c 2nd G.S. lacustrine- mudstone less than 1
interdistrib.
TMC-5-4a 2nd G.S. distrib. sandstone less than 1
channel base
TMC-5-4aw 2nd G.S. distrib. lignitized 40
channel base log
TMC-5-4v 2nd G.S. distrib. sulfate 14
mi.
channel base minerals
on log
TMC-5-4b 2nd G.S. distrib. sandstone less than 1
channel-fill
TMC-5-4c 2nd G.S. distrib. sandstone 1
channel-fill
TMC-5-4d 2nd G.S. distrib. sandstone 1
channel top
TMC-5-5a 2nd G.S. interdistrib. mudstone less than 1
nitric acid soluble uranium with Jarrell-Ash fluo-
rcmeter at Bureau of Economic Geology Mineral Studies Lab.
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SAMPLE NAME GENETIC DEPOSITIONAL TEXTURE U-,0
p ppm
SEQUENCE ENVIRONMENT
3 b
TMC-5-5b 2nd G.S. interdistrib. mudstone 3
TMC-5-5c 2nd G.S. interdistrib. mudstone 2
TMC-5-5d 2nd G.S. interdistrib. mudstone 4
TMC—ob—3a 2nd G.S. splay mudstone 2
TMC-sb-3b 2nd G.S, splay sandstone less than 1
TMC-sb-3c 2nd G.S. splay sandstone less than 1
TMC-sb—3d 2nd G.S. splay sandstone 1
TMC-sc-a 2nd G.S. distrib. conglomer. 3
channel-fill
TMC-sc-b 2nd G.S. distrib. mudstone less than 1
channel-fill
TMC-sc-c 2nd G.S. distrib. mudstone 3
channel-fill
TMC-sc-d 2nd G.S. distrib. mudstone 1
channel-fill
TMC-sd-e 2nd G.S. distrib. mudstone less than 1
channel-fill
TMC-sd-f 2nd G.S. distrib. mudstone 1
channel-fill
TMC-6-la 2nd G.S. lacustrine mudstone 2
TMC-6-lb 2nd G.S. lacustrine mudstone less than 1
TMC-6-lc 2nd G.S. lacustrine mudstone less than 1
TMC-6-ld 2nd G.S. lacustrine mudstone less than 1
TMC-6-2 2nd G.S. splay conglomer. 3
TMC-6-2b 2nd G.S. splay conglomer. 1
TMC-6-3 2nd G.S. interdistrib. mudstone 3
SAMPLE NAME GENETIC DEPOSITIONAL TEXTURE U 0 ppm
SEQUENCE ENVIRONMENT
3 8
TMC-6-5a 2nd G.S. fluvial sandstone 2
channel-fill
TMC-6-5b 2nd G.S. fluvial sandstone 2
channel-fill
TMC-6-6a 2nd G.S. fluvial conglomer. less than 1
channel-fill
TMC-6-6b 2nd G.S. fluvial conglomer. 1
channel-fill
TMC-6-10- 2nd G.S. interdistrib. mudstone 1
11a
TMC-6-10- 2nd G.S. interdistrib. mudstone less than 1
11b
TMC-6-lla 2nd G.S. delta front mudstone 1
TMC-6-llb 2nd G.S. delta front sandstone 2
TMC-6-llb2 2nd G.S. distrib. sandstone less than 1
channel-fill
TMC-6-llcl 2nd G.S. delta front sandstone less than 1
TMC-6-lld 2nd G.S. fluvial sandstone less than 1
channel-fill
TMC-7-la 3rd G.S. lacustrine mudstone 1
TMC-7-lb 3rd G.S. lacustrine mudstone 3
TMC-7-lc 3rd G.S. lacustrine mudstone less than 1
TMC-7-ld 3rd G.S. lacustrine mudstone 2
TMC-7-2 3rd G.S. delta front- mudstone 2
splay
TMC-7-3 3rd G.S. delta front- sandstone 2
splay
TMC-7-4 3rd G.S. delta front- sandstone 1
splay
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SAMPLE NAME GENETIC DEPOSITIONAL TEXTURE U ppm
SEQUENCE ENVIRONMENT
3
TMC-7-5 3rd G.S. delta conglomer. 7
platform
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APPENDIX II
PETROGRAPHIC DATA
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Plot of all Triassic Dockum Group thin section samples
after classification by Folk, Andrews, and Lewis (1S70).
Q = quartz, RF = rock fragment, F = feldspar, SRF = sedi-
mentary rock fragment, SS:SH = sandstone:shale fragment,
CHT = chert rock fragment, GRP = carbonate rock fragment,
n = number of samples.
Plot of Triassic Dockum thin section samples from
the first
progradational sequence.
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Plot of Triassic Dockum thin sections from the second pro-
gradational sequence.
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Plot of Triassic Dockum Group thin sections from the third
progradational sequence.
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REFERENCE NUMBER PETROGRAPHIC DESCRIPTION: MICRO-
GENETIC SEQUENCE SCOPIC AND MACROSCOPIC after Folk
FACIES-ENVIRONMENT and others (1970)
TMC-7-P1 Reddish orange, thin bedded,
Permian Quartermaster desiccated. Very fine sandstone:
Tidal flat-sabhka immature, hematitic very well
rounded common quartz and chert-
bearing subsedarenite.
TMC-7-P2. Reddish orange, thin bedded,
Permian Quartermaster desiccated. Very fine sandstone:
Tidal flat-sabhka immature, hematitic subsedare-
nite, bearing very well rounded
common quartz and chert coarse
sand.
GP-16b-2c Dark purple, disturbed, thin
Dockum Ist Genetic Sequ, bedded. Clayey siltstone: im-
Distal fan delta-soil zone mature sublitharenite, bearing
fine quartz sand.
TMC-7-6cl White, friable, parallel lam-
Dockum Ist Genetic Sequ. inated with green clay on laminae.
Proximal fan delta- Very fine sandstone: patchily
delta front calcitic mature quartzarenite.
GP-16-3a White to light brown, trough-
Dockum Ist Genetic Sequ. fill cross-stratified.
Fan delta platform- Fine sandstone: calcitic, sub-
channel sandstone mature sedarenite, bearing
coarse sand sized mudclast and
caliche.
GP-16b-5a2 White, friable, trough-fill and
Dockum Ist Genetic sequ. ripple-cross-stratified.
Fan delta platform- Fine sandstone: patchily cal-
channel sandstone citic mature quartzarenite.
GP-16b-5d2 White, parallel laminae scoured
Dockum Ist Genetic Sequ. by trough-fill cross-stratifica-
Fan delta platform- tion.
channel sandstone Fine sandstone: patchily cal-
citic mature quartzarenite.
GP-16b-5d4 Light brown, trough-fill and rip-
Dockum Ist Genetic Sequ. pie cross-stratified.
Fan delta platform- Very fine sandstone: friable
channel sandstone mature quartzarenite.
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GP-16b-2b
Light gray, friable, structure-
Dockum Ist Genetic Sequ. less. Medium sandstone: mature
Fan delta front bimodal, sublitharenite, bearing
very well rounded common quartz
and chert coarse sand.
EPD-l-2a
Gray, thin bedded, disturbed.
Dockum Ist Genetic Sequ. Muddy very fine sandstone: cal-
Distal fan delta-soil citic immature subarkose.
zone(?)
EPD-l-2b
Gray, trough-fill cross-strati-
Dockum Ist Genetic Sequ. fied at base, ripple cross-
Fan delta, thin dis- laminated at top.
tributary channel Medium sandstone: slightly
baritic mature sublitharenite,
bearing well rounded quartz and
chert medium and coarse sand.
PDSP-lc Dark gray to black, fist-sized
Dockum Ist Genetic Sequ. nodule.
Distal fan delta, soil Medium sandstone: Mn-oxide
zone(?) cemented mature sublitharenite,
bearing well rounded quartz and
chert medium and coarse sand.
EPD-l-6bl White, trough-fill cross-strati-
Dockum Ist Genetic Sequ. fied, and ripple cross-laminated
Fan delta, thin with green clay on laminae,
distributary channel Very fine sandstone: supermature
very well sorted quartzarenite.
EPD-l-6b2 Light brown, structureless.
Dockum Ist Genetic Sequ. Granular pebble conglomerate:
Fan delta-frontal splay calcitic submature calclithite,
bearing quartz very fine sand,
and rounded to angular septarian
fractured--calcite and dolomite
filled caliche granules and
pebbles.
EPD-4-Fl, EDP-4-F2, Reddish brown to light red car-
Dockum Ist Genetic Sequ. bonate-replaced mudstone: pre-
Caliche horizon on dominantly microspar, fractures
lacustrine mudstone 0.5 to 1 mm, filled with dolo-
mite, and calcite; fracture-
fill rarely opal; euhedral
scalenahedrons of calcite pro-
jecting into voids are coated
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with alternating bands of dolo-
mite and calcite spar; quartz
silt and clay minerals are com-
mon toward exterior of pisolitic
nodule; silt grains float in
microspar (crystals 5 to 15 mm)
matrix; short distance trans-
port (0.5 to 5 mm) of quartz
silt during nodule growth has
produced "comet tails" of sparry
calcite in areas through which
the silt was moved.
CPC-12-2f, PDSP-1 Dark yellowish orange, carbonate-
Dockum Ist Genetic Sequ. replaced mudstone nodule: pre-
Caliche nodule horizon dominantly microspar, euhedral
lacustrine mudstone calcite spar occurs in nodule
center; outer surface of nod-
ule mimics fabric of mudstone,
Scoyenia and Teichichnus trace
fossils are preserved.
EPD-l-6c White, structureless.
Dockum Ist Genetic Sequ. Very fine sandstone: calcitic
Fan delta platform- mature quartzarenite, bearing
distributary channel fresh orthoclase.
GP-16-sal White to light brown, trough-
Dockum 2nd Genetic Sequ. fill cross-stratified to struc-
Fluvial(.?)-distributary tureless.
channel Fine sandstone: calcitic mature
sublitharenite, bearing fresh,
weathered, and calcitized feld-
spar grains.
EPD-l-8a White to light brown, inclined
Dockum 2nd Genetic Sequ. parallel laminae.
Lowest progradational Fine sandstone: calcitic mature
sequence-distributary chert-bearing subarkose.
channel
GP-16b-5b White to light gray, ripple cross-
Dockum Ist Genetic Sequ. laminaed, with gray clay on lam-
Distributary channel inae.
Fine sandstone: calcitic mature
quartzarenite, bearing well-
rounded caliche and fresh feld-
spar .
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TSD-13-2a
Light gray to brown, large trough-
Dockum 2nd Genetic Sequ. fill cross-stratification.
Basal channel lag- Sandy pebble conglomerate: sub-
fluvial valley-fill mature poorly sorted sublith-
arenite, bearing well rounded
quartz and chert medium sand to
granule conglomerate.
Ds
Light gray to brown, trough-fill
Dockum 2nd Genetic Sequ. cross-stratified.
Fluvial channel-fill Medium sandstone: calcitic
mature sublitharenite, bearing
chert coarse sand.
EPD-3-3 Light grayish green, parallel
Dockum 2nd Genetic Sequ. inclined laminae, with gray clay
Distributary channel- on laminae.
channel mouth bar Fine sandstone: calcitic mature
subarkose, bearing fresh and
weathered orthoclase, chert,
and caliche.
EPD-3-3b Grayish green, trough-fill
Dockum 2nd Genetic Sequ. cross-stratified.
Upper distributary channel Coarse sandstone: calcitic
channel mouth bar slightly opal cemented super-
mature calclithite.
EPD-3-4a Grayish green, crudely parallel
Dockum 2nd Genetic Sequ. laminated, and trough-fill cross-
Basal part fan delta stratified.
platform Sandy granule conglomerate:
calcitic submature calclithite,
bearing quartz medium sand and
very well rounded caliche sand
to granule conglomerate.
GP-16b-2f, GP-16b-3b2 Grayish brown to black, Mn-ox-
Dockum Ist Genetic Sequ. ides.
Desert pavement (?) Pebble conglomerate: immature,
desiccated mudflat calcitic sedarenite, bearing
Mn-replaced caliche coarse sand
to pebble gravel.
DD-6-2c, EPD-l-3t Dark yellowish orange sandy
Dockum Ist Genetic Sequ. caliche pebble conglomerate:
Desert pavement (?) calcitic, slightly Mn-oxides
desiccated mudflat cemented submature calclithite,
bearing subangular to rounded
septarian fractured caliche
coarse sand to pebble gravel.
TMC-5-4a
Gray, trough-fill cross-strati-
Dockum 2nd Genetic Sequ. fied.
Distributary channel lag Very coarse sandstone; calcitic
mature calclithite, bearing
quartz very fine sand.
TMC 5-4 b Grayish, brown, trough-fill
Dockum 2nd Genetic Sequ. cross-stratified.
Middle part of Medium sandstone; calcitic
distributary channel mature calclithite.
TMC-5-4c
Light gray, foreset cross-
Dockum 2nd Genetic Sequ. stratified.
Middle part of Granular fine sandstone: cal-
distributary channel citic mature feldspar-bearing
sublitharenite.
TMC-5-4d Grayish light brown, trough-fill
Dockum 2nd Genetic Sequ. cross-strata.
Upper part of Very fine sandstone; calcitic
distributary channel mature subarkose, bearing cali-
che and mudclast sand.
EPD-5-la Grayish green, trough-fill
Dockum 2nd Genetic Sequ. cross-stratified.
Base of fan delta Granular pebble conglomerate;
platform calcitic submature calclithite,
bearing quartz medium sand.
EPD-5-lb Grayish green, trough-fill
Dockum 2nd Genetic Sequ. cross-stratified.
Middle part of fan Fine sandstone; calcitic mature
delta platform subsedarenite, bearing seritized
and calcitized feldspar.
EPD-5-lc Grayish green parallel laminated
Dockum 2nd Genetic Sequ. and trough-fill cross-stratified.
Upper part of fan Fine sandstone; slightly cal-
delta platform citic mature very well sorted
subsedarenite, bearing fresh and
weathered feldspar.
GP-16b-9a Greenish light brown, trough-fill
Dockiun 2nd Genetic Sequ. cross-stratified.
Distributary channel lag Fine sandstone: calcitic sub-
mature calclithite, bearing very
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well rounded caliche coarse to
very coarse sand, and calcitized
feldspar.
GP-16b-9b Greenish light brown parallel,
Dockum 2nd Genetic Sequ. horizontal to slightly inclined
Middle part of laminae.
distributary channel Fine sandstone: calcitic mature
sublitharenite, bearing ortho-
clase and microcline.
GP-16b-9c
Grayish light brown, structure-
Dockum 2nd Genetic Sequ. less.
Middle part of Fine sandstone: calcitic mature
distributary channel sublitharenite, bearing seri-
tized orthoclase and fresh micro-
cline
.
GP-16b-9dl Light brown, parallel laminated
Dockum 2nd Genetic Sequ. and small scale trough-fill
Upper part of cross-stratified,
distributary channel Medium sandstone: calcitic
mature calclithite, bearing chert
and fresh fractured microcline.
GP-16b-7a Reddish brown, crudely parallel
Dockum 2nd Genetic Sequ. laminated.
Lowest progradational Granular pebble conglomerate:
sequence-fluvial calcitic slightly dolomitic
channel lag submature calclithite, bearing
hematitic SRF.
TMC-6-2a Grayish green, trough-fill
Dockum 2nd Genetic Sequ. cross-stratified.
Lowest progradational Granular pebble conglomerate:
sequence-fluvial calcitic submature calclithite,
channel lag bearing quartz medium sand and
chert coarse sand.
TMC-6-6a Grayish light brown, trough-fill
Dockum 2nd Genetic Sequ. cross-stratified.
Fluvial channel Medium sandstone: calcitic
mature sublitharenite, bearing
well rounded quartz and chert
medium sand.
TMC-6-3 Grayish green, structureless.
Dockum 2nd Genetic Sequ. Fine sandstone: calcitic mature
Upper part of snblitharenite, bearing fresh
fluvial channel feldspar.
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EPD-l-12b Grayish green, parallel laminated
Dockum 2nd Genetic Sequ. Very fine sandstone: calcitic
Fluvial channel-fill mature sublitharenite.
EPD 1 12d Grayish light brown, structure-
Dockum 2nd Genetic Sequ. less.
Upper part of Fine sandstone: calcitic mature
fluvial channel SPF-bearing subarkose.
EPD-l-14bl Light gray, small scale trough-
Dockum 3rd Genetic Sequ. fill cross-stratified.
Sheet-like fluvial Coarse sandstone: calcitic
basal channel lag submature calclithite, bearing
quartz fine sand.
EPD-l-14b2 Light gray, trough-fill cross-
Dockum 3rd Genetic Sequ. stratified.
Upper part of sheet-like Fine sandstone: calcitic mature
fluvial channel-crevasse SRF-bearing subarkose.
splay
EPD-l-15b Grayish light brown, low-angle,
Dockum 3rd Genetic Sequ. continuous, trough-fill cross-
Crevasse splay stratified and parallel lami-
nated
.
Very fine sandstone: calcitic
mature SRF-bearing subarkcse.
EPD-l-15dl Grayish green, trough-fill
Dockum 3rd Genetic Sequ. cross-stratified.
Sheet-like braided Very fine sandstone: calcitic
fluvial (?)-crevasse mature feldspathic litharenite,
splay bearing fresh and weathered
orthoclase, microcline, and
volcanic rock fragments(?).
EPD-l-15d2 Greenish light brown, trough-
Dockum 3rd Genetic Sequ. fill cross-stratified.
Upper part of sheet-like Very coarse sandstone; calcitic
braided fluvial(?)- submature calclithite, bearing
crevasse splay volcanic rock fragments and very
well rounded caliche very coarse
sand.
TMC-1-2 Grayish green, parallel inclined
Dockum 3rd Genetic Sequ. and horizontal laminated.
Delta front Fine sandstone: calcitic mature
calclithite, bearing fresh and
leached feldspar and rounded
caliche coarse sand.
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TMC-1-5 Grayish green, trough-fill
Dockum 3rd Genetic Sequ. cross-stratified.
Sheet-like braided Granule conglomerate: calcitic
fluvial channel submature calclithite, bearing
feldspar and quartz very fine
sand.
DD-6b-4a Brownish gray, trough-fill
Dockum 3rd Genetic Sequ. cross-stratified.
Distributary channel Granular fine sandstone: cal-
citic submature feldspathic
litharenite, bearing fresh and
altered feldspar, volcanic rock
fragments, and rounded caliche
granules.
DD-6b-4b Grayish light brown, structure-
Dockum 3rd Genetic Sequ. less.
Fluvial channel Fine sandstone: slightly cal-
citic mature sublitharenite,
bearing fresh and leached feld-
spar and volcanic rock fragments.
GP-16b-4a2, GP-16b-3c2 Grayish dark yellowish orange
Dockum Ist Genetic Sequ. carbonate-replaced mudstone:
Soil zone on lacustrine semi-pisolitic morphology;
mudstone fractures (0.5 mm to 2 cm) filled
with soil; Mn-oxide cements
line the inside of fractures;
Mn-oxide dendrites common;
coarsely crystalline (0.5 mm to
2 cm) calcite spar and dolomite
fill fractures.
EPD-l-2cl, EPD-l-3al, Dark red mudstone: highly frac-
EPD-4-F, GP-16b-3c3 tured (0.1 mm to 1 cm); frac-
Dockum Ist Genetic Sequ. tures filled with dolomite,
Highly desiccated soil calcite spar, and opal; mud-
zone stone is predominantly hematite;
quartz silt common; opal occurs
as fracture linings, and as
spheres 0.1 to 0.2 mm; sparry
calcite and dolomite are inter-
grown.
CPC-12-la, CPC-12-lb Quartz nodules: megaquartz
CPC-12-lc, SC-17-2b spherules (2-10 mm) occur at
Dockum Ist Genetic Sequ. nodule rim, they contain abun-
Distal fan delta-soil zone dant anhydrite inclusions and
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vacuoles; toward nodule center
megaquartz crystals increase in
size, and are inclusion free;
quartz crystals that project
into central void often have
pseudo cubic terminations; nod-
ules with central void may have
gray or red (hematitic) chalced-
ony in optical continuity with
megaquartz; soil, barite, and
managnite may occur as secondary
minerals filling the central void.
SC-17-2a, CPC-12-lb3 Reddish brown chert nodules:
Dockum Ist Genetic Sequ. light brown microcrystalline
Distal fan delta-soil quartz matrix contains abundant
zone quartz silt to medium sand;
outer surface of nodules is
fractured, fissures are 1 mm to
3 cm long, 0.1 to 2 mm wide,
and 0.1 to 4mm deep; some in-
terior fractures are healed with
coarser microcrystalline quartz
and small (0.05 mm) megaquartz
spherules, some grade into chal-
cedony; open fractures are
lined with alternating bands
(0.05-0.1 mm) of quartzine and
chalcedony.
149
REFERENCES
Adams, J.E., 1929, Triassic of West Texas: Am. Assoc. Pet
roleum Geologists Bull., v. 13, p. 1045-1055.
Alexander, W.H., 1961, Geology and ground water resources
of Northern High Plains of Texas, Progress Report
No. 1: Texas Board of Water Engineers Bull. 6109,
39 p.
Ash, S.R., 1976, Occurrence of the controversial plant
fossil Sanmiguelia in the Upper Triassic of Texas:
Jour. Paleontology, v. 50, p. 799-804.
Asquith, G.B. and S.L. Cramer, 1975, Transverse braid bars
in Upper Triassic Trujillo Sandstone of the Texas
Panhandle: Jour. Geology, v. 83, p. 657-661.
Baker, C.L., 1915, Geology and underground waters of the
northern Llano Estacado: Univ. Texas, Bur. Econ.
Geology and Technology Bull. 57, p. 1-225.
Barnes, V.E., and G.K. Eifler, 1968, Geologic Atlas of
Texas, Plainview Sheet: Univ. Texas, Bur. Econ.
Geology, Scale 1:250,000.
Bates, C.C., 1953, Rational theory of delta formation:
Am. Assoc. Petroleum Geologists Bull., v. 37,
p. 2119-2162.
Bernard, K.A., C.F. Major, Jr., B.S. Parrott, and R.J. Le
Blanc, 1970, Recent sediments of southeast Texas-- A
field guide to the Brazos alluvial and deltaic plains
and the Galveston Barrier Island complex: Univ.
Texas, Bur. Econ. Geology, Guidebook 11, 132 p.
Bonython, C.W., and B. Mason, 1953, The filling and drying
of Lake Eyre: Geograph, Jour., v. 119, p. 321-330.
Boone, J.L., 1978a, Lacustrine depositional systems of
Dockum Group in Tule Canyon, Texas Panhandle (abst.):
Am. Assoc. Petroleum Geologists, and Soc. Econ. Pale-
ontol. Mineral., Ann. Meet., Oklahoma City, OK, v. 1,
p. 50.
Boone, J.L., 1978b, in preparation, Lake margin fluvial
and deltaic systems of the Dockum Group (Upper Trias-
150
151
sic) in Tule Canyon, Texas Panhandle: unpub. M.A.
thesis, Univ, Texas at Austin, 195 p.
Boothroyd, J.C., 1972, Coarse-grained sedimentation on a
braided outwash fan, northeast Gulf of Alaska: Tech-
nical Report No. 6-CRD, Coastal Research Division,
Univ. of South Carolina, Columbia, SC, 127 p.
Boothroyd, J.C., and G.M. Ashley, 1975, Process, bar morph-
ology, and sedimentary structures on braided outwash
fans, northeastern Gulf of Alaska: in A.V. Jopling
and B.C. McDonald (Editors), Glaciofluvial and Glacio-
lacustrine Sedimentation: Soc. Econ. Paleontol.
Mineral., Spec. Pub., 23, p. 193-222.
Born, S.M., 1972, Late Quaternary history, deltaic sedimen-
tation, and mudlump formation at Pyramid Lake, Nevada:
Univ. Nevada System, Center for Water Resources Re-
search, Desert Research Institute, 97 p.
Bradley, W.H., 1964, Geology of the Green River Formation:
U.S. Geol. Survey Prof. Paper 496-A, 86 p.
Brown, C.N., 1956, The origin of caliche on the north-
eastern Llano Estacado, Texas: Jour. Geology, v. 64,
p. 1-16.
Brown, L.F., Jr., A.W. Cleaves 11, and A.W. Erxleben, 1973,
Pennsylvanian depositional systems in north-central
Texas; a guide for interpretating terrigenous clas-
tic facies in a cratonic basin: Univ. Texas, Bur.
Econ. Geology, Guidebook 14, 122 p.
Bull, W.3., 1963, Alluvial-fan deposits in western Fresno
County, California: Jour. Geol., v. 71, p. 243-251.
Butzer, K.W., 1971, Recent history of an Ethiopian delta:
Univ. Chicago, Dept. Geography, Res. Paper No. 136,
184 p.
Case, E.C., 1922, New reptiles and Stegccephalians from
the Upper Triassic of western Texas: Carnegie Inst,
of Washington, Pub. No. 321, 84 p.
Case, E.C., 1932, On the caudal region of Coelophysis sp.
and on some new or little known forms from the Upper
Triassic of western Texas: Michigan Univ. Mus.
Paleontology Contr., v. 4, no. 3, p. 459-465.
152
Case, E.C., 1933, Colognathus proposed for Xenognathus,
preoccupied: Jour. Wash. Acad. Sci., v. 23, p. 65.
Cazeau, C.J., 1960, Cross-bedding directions in Upper Tri-
assic sandstones of west Texas: Jour. Sed. Petrology,
v. 30, p. 459-465.
Cazeau, C.J., 1962, Upper Triassic deposits of west Texas
and northeastern New Mexico: unpub. Ph.D. disserta-
tion, Univ. North Carolina, 94 p.
Cope, E.D., 1893, A preliminary report on the vertebrate
paleontology of the Llano Estacado: Texas Geol. Sur-
vey 4th Ann. Report, p. 1-137.
Cramer, S.L., 1973, Paleocurrent study of the Upper Trias-
sic sandstones, Texas High Plains: unpub. M.S. thesis.
West Texas State Univ., 31 p.
Cronin, J.G., 1964, A summary of the occurrence and develop-
ment of ground water in the Southern High Plains of
Texas: U.S. Geol. Survey Water-Supply Paper 1693,
p. 1-88.
Cummings, W.F., 1889, The Permian of Texas and its over-
lying beds: Texas Geol. Survey Ist Ann. Reprot, p.
185-197.
Cummings, W.F., 1891a, Report on the geology of north-
western Texas: Texas Geol. Survey 2nd Ann. Report,
p. 357-552.
Cummings, W.F., 1891b, Report of the geography, topography,
and geology of the Llano Estacado or Staked Plains:
Texas Geol. Survey 3rd Ann. Report, p. 129-174.
Daugherty, L.H., 1941, The Upper Triassic flora of Arizona;
with a discussion of its geological occurrence by
H.R. Stagner: Contrib. to Paleo. Carnegie Inst, of
Wash. Pub. 526, 106 p.
deMejia, D., 1977, Facies and diagenesis of Permian, Lower
San Andres Formation, Yoakum County, West Texas:
unpub, M.A. thesis, Univ. Texas at Austin, 137 p.
Doeglas, D.J., 1962, The structure of sedimentary deposits
of braided rivers: Sedimentology, v. 1, p. 133-148.
153
Dickson, R.E., D.P. Drake, and T.J. Reese, 1977, Measured
sections and analyses of uranium host rocks of the
Dockum Group, New Mexico and Texas: Bendix Field
Engineering Corp. Report GJBX-9(77), 68 p.
Drake, N.F., 1891, Stratigraphy of the Triassic Formation
of northwest Texas: Texas Geol. Survey 3rd Ann.
Report, p. 227-247.
Dunham, R.J., 1969, Vadose pisolite in the Capitan Reef
(Permian), New Mexico and Texas: in_ G.F. Friedman,
ed., Depositional environments in carbonate rocks;
Soc, Econ. Paleon. and Miner., Spec. Pub. 14, d. 182-
191.
Eargle, D.H., 1956, Some uranium occurrences in west Texas:
Univ. Texas, Bur. Econ. Geology, Rept. Inv. 27, 23 p.
Elder, R.L., 1978 in preparation. Vertebrate paleontology
of the Dockum Group, Howard County, Texas: unpub.
M.A. thesis, Univ. Texas at Austin.
Eugster, H.P., and W.H. Bradley, 1969, Geochemistry and
paleolimnology of trona deposits and associated
authigenic minerals of the Green River formation of
Wyoming: U.S. Geol. Survey Prof. Paper 496-B, 69 p.
Finch, W.1., 1956, Uranium in terrestrial sedimentary
rocks in United States exclusive of Colorado Plateau:
U.S. Geol. Survey Prof. Paper 300, p. 321-326.
Finch, W.1., 1975, Uranium in west Texas —paper delivered
June 3, 1975, AAPG-SEPM Rocky Mountain Sect. Meeting,
Albuquerque, New Mexico: U.S. Geol. Survey Open-
File Report 75-356, 20 p.
Finch, W.1., and J.C. Wright, 1975, Unedited measured
stratigraphic sections of uranium-bearing late Trias-
sic rocks in eastern New Mexico, west Texas and the
Oklahoma panhandle showing provisionary stratigraphic
nomenclature: U.S. Geol. Survey Open-file report
75-March, 1975.
Finch, W.1., J.C. Wright, and 8.0. Davis, 1976, Unevaluated
preliminary geologic cross section of uranium-bearing
upper Triassic rocks extending from Palo Duro Canyon
across the Matador Arch, through the type locality of
Dockum Group, to White River Reservoir, Crosby County,
Texas: U.S. Geol. Survey Open-file report 76-376.
154
Fink, 8.E., 1963, Ground water geology of the Triassic
deposits northern part of the Southern High Plains of
Texas: High Plains Underground Water Conservation
District No. 1, Report No. 163, 76 p.
Fisher, W.L., L.F. Brown, Jr., A.J. Scott, and J.H. McGowen,
1969, Delta systems in the exploration of oil and gas:
A research colloquium: Univ. Texas, Bur. Econ. Geology
Spec. Pub., 212 p.
Fisher, W.L., and L.F. Brown, Jr., 1972, Clastic deposi-
tions! systems —a genetic approach to facies analysis:
Univ Texas, Bur. Econ. Geology 212 p.
Fisk, H.N., 1944, Geological investigation of the alluvial
valley of the lower Mississippi River: U.S. Army
Corps Engineers Waterways Expt. Sta., 40 p.
Flawn, P.T., 1967, Uranium in Texas —1967: Univ. Texas,
Bur. Econ. Geology, Geol. Circ. 67-1, 16 p.
Folk, R.L., 1974a, The natural history of crystalline cal-
cium carbonate; effect of Mg-content and salinity:
Jour. Sed. Petrology, v. 44, p. 40-53.
Folk, R.L., 1974b, Petrology of sedimentary rocks: Austin,
Texas, Hemphills, 182 p.
Folk, R.L., P.B. Andrews, and D.W. Lewis, 1970, Detrital
sedimentary rock classification and nomenclature for
use in New Zealand: New Zealand Jour. Geol. Geophys.,
v. 13, p. 937-968,
Folk, R.L., and J.S. Pittman, 1971, Length-slow chalcedony;
a new testament for vanished evaporites: Jour. Sed.
Petrology, v. 41, p. 1045-1058.
Folk, R.L., and L.S. Land, 1975, Mg/Ca ratio and salinity:
Two controls over the crystallization of dolomite:
Am. Assoc. Petroleum Geologists Bull., v. 59, p. 60-63.
Gilbert, G.K., 1885, The topographic features of lake shores:
U.S. Geol. Survey sth Ann. Rept., p. 104-108.
Gilbert, G.J., 1890, Lake Bonneville: U.S. Geol. Survey,
Monograph I, 438 p.
Gole, C.V., and S.V. Chitale, 1966, Inland delta building
activity of Kosi River: Jour. Hydraul. Div. Am. Soc.
Civ. Eng., v. 92, HY2, p. 111-126.
155
Gould, C.N., 1906, The geology and water resources of the
eastern portion of the Panhandle of Texas: U.S. Geol.
Survey Water-Supply and Irrigation Paper 154, p. 1-54.
Gould, C.N., 1907, The geology and water resources of the
western portion of the Panhandle of Texas: U.S. Geol.
Survey Water-Supply Paper 191, p. 1-70.
Green, F.E., 1954, The Triassic deposits of northwestern
Texas: unpub. Ph.D. thesis, Texas Tech. Univ. 196 p.
Gregory, J.T., 1962, The genera of phytosaurs: Am. Jour.
Sci., v. 260, p. 652-690.
Hantzchel, W., 1962, Trace fossils and problematica: in
Treatise on invertebrate paleontology, Pt. W, Miscel-
lanea, Geol. Soc. America and Univ. Kansas Press,
p. W177-W245.
Hayes, W.C., Jr., 1956, Uranium prospects in west Texas:
in West Texas Geol. Soc. Guidebook, p. 69-72.
Hood, C., 1978, Geology of Fortress Cliff Quadrangle,
Randall County, Texas: unpub. M.S.thesis. West Texas
State Univ., 123 p.
Jopling, A.V., 1965, Hydraulic factors controlling the
shape of laminae in laboratory deltas: Jour. Sed.
Petrology, v. 35, p. 777-791.
Kiatta, H.W., 1960, A provenance study of the Triassic
deposits of northwestern Texas: unpub. M.S. thesis,
Texas Tech. College, 63 p.
McGowen, J.H., 1970, Gum Hollow fan delta, Nueces Bay,
Texas: Univ. Texas, Bur. Econ. Geology Kept. Inv. 69,
91 p.
McGowen, J.H., G.E. Granata, and S.J. Seni, 1975, Deposi-
tional framework of the lower Dockum Group (Triassic),
Texas Panhandle: Univ. Texas, Bur. Econ. Geology,
Prepared for the U.S. Geol. Survey under Grant No.
14-08-0001-G-153, 113 p.
McGowen, J.H., G.E. Granata, and S.J. Seni, 1977, Deposi-
tional framework of the lower Dockum Group (Trias-
sic)
,
Texas Panhandle: (abst.) Gulf Coast Assoc.
Geol. Socs. Trans.,v. 27, p. 246.
156
McGowen, J.H., G.E. Granata, and S.J. Sen!, in press,
Depositional framework of the lower Dockum Group
(Triassic), Texas Pahhandle: Univ. Texas, Bur. Econ.
Geology.
McGowen, J.H., and C.G. Groat, 1971, Van Horne Sandstone,
West Texas: an alluvial fan model for mineral explora-
tion: Univ. Texas, Bur. Econ. Geology Kept. Inv. 72,
57 p.
McGowen, J.H., and A.J. Scott, 1974, Fan-delta deposition:
processes, facies and stratigraphic analogues (abst.):
Am. Assoc. Petroleum Geologists, and Soc. Econ. Pal-
eontol. Mineral., Ann. Meet., San Antonio, Texas,
v. 1, p. 50.
McKee, E.D., S.S. Oriel, K.B. Ketner, M.E. MacLacklan, J.W
7
.
Goldsmith, J.C. MacLacklan, and M.R. Mudge, 1959,
Paleotectonic maps of the Triassic system: U.S. Geol.
Survey Misc. Geol. Inv. Map 1-300.
Miall, A.D., 1977, A review of the braided-river deposi-
tional environment: Earth-Sci. Rev., v. 13, p. 1-62.
Milliken, K.L., 1977, Silicified evaporite nodules from
the Mississippian rocks of southern Kentucky and
northern Tennessee: unpub. M.A. thesis, Univ. Texas
at Austin, 122 p.
Nagtegaal, P.J.C., 1969, Microtextures in recent and fossil
caliche: Leidse Geol. Meded., v. 42, p. 131-142.
Nichols, C.E., V.E. Kane, M.T. Browing, and G.W. Cagle,
1976, Northwest Texas pilot geochemical survey:
Union Carbide Corp. Nuclear Division, Oak Ridge
Gaseous Diffusion Plant, Oak Ridge, Tenn., 58 p.
Nichols, C.E., V.E. Kane, G.W. Cagle, 1977, Regional geo-
chemical model for groundwater associated with uran-
ium mineralization in northwest Texas: Union Carbide
Corp. Nuclear Division, Oak Ridge Gaseous Diffusion
Plant, Oak Ridge, Tenn., 2 6 p.
Ore, H.T., 1964, Some criteria for recognition of braided
stream deposits: Wyo. Univ. Contrib. Geol., v. 3,
p. 1-14.
Ore, H.T., 1965, Characteristic deposits of rapidly aggrad-
ing streams: Wyoming Geol. Assoc., 19th Field Conf.
157
Guidebook, p. 195-201.
Picard, M.D., and L.R. High, 1968, Sedimentary cycles in
the Green River Formation (Eocene), Unita Basin, Utah:
Jour. Sed. Petrology, v. 38, p. 117-138.
Rust, 8.R., 1972, Structure and processes in a braided
river: Sedimentology, v. 18, p. 222-246.
Schaeffer, 8., 1967, Late Triassic fishes from the western
United States: Bull. Am. Mus. Nat. History, v, 135,
art. 6, p. 287-342.
Schaeffer, 8., and J.T. Gregory, 1961, Coelacanth fishes
from the continental Triassic of the western United
States: Am. Mus. Novitates, no. 2036, 18 p.
Schumm, S.A., 1972, Fluvial paleochannels: Soc. Econ.
Paleontologists and Mineral. Spec. Pub. 13, p. 98-107.
Sellards,H.E., W.S. Adkins, and F.B. Plummer, 1932, The
geology of Texas, Volume 1, Stratigraphy: Univ.
Texas, Bur. Econ. Geology Bull. 3232, 1007 p.
Simpson, C.T., 1895, Description of four new Triassic Unios
from the Staked Plains of Texas: Proc. U.S. Nat. Mus.
v. XVIII, p. 381-385.
Smith, N.D., 1970, The braided stream depositional environ-
ment: comparison of the Platte River with some
Silurian clastic rocks, north-central Appalachians:
Geol. Soc. Am. Bull., v. 81, p. 2993-3014.
Southern Interstate Nuclear Board, 1969, Uranium in the
Southern United States: prepared by the Southern
Interstate Nuclear Board, Atlanta, Georgia, for the
U.S. Atomic Energy Commission, contract no. (49-6)-
3003, 230 p.
U.S. Geol. Survey, 1956, Fortress Cliff Quadrangle (7.5
minute series), scale 1:24,000.
Wilkinson, 8.H., and J.R. Byrne, 1977, Lavaca Bay —trans-
gressive deltaic sedimentation central Texas estuary:
Am. Assoc. Petroleum Geologists Bull., v. 61, p. 527-
545.
  
 
 
 
 
 
 
 
 
 
 
 
 
The vita has been removed from the digitized version of this document. 
